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(54) HASylated polypeptides, especially HASylated erythropoietin 



(57) The present invention relates to hydroxyalkyl- 
starch (HAS)-polypeptide-conjugate (HAS-polypeptide) 
comprising one or more HAS moecuies, wherein each 
HAS is conjugated to the polypeptide via a carbohydrate 



moiety or a thioether as well as to methods for the pro- 
duction thereof. In a preferred embodiment, the 
polypeptide is erythropoietin (EPO). 
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[0003] Erythropoietin (EPO) is a glycoprotein hormone necessary for the maturation of erythroid progenitor cells into 

ttSZZZ^S?*' ^Tr" ^ k ' dney - EP ° " eSSe " tial h ^"'afngte .eve'. JSSSS 
in TrZS 1 marked ty ' 0W ,6VelS ° f " SSUe 0Xygen provoke an increased biosynthesis of EPO which 
.n turn stimulates erythropoies.s. A loss of kidney function as it is seen in chronic renal failure for example h2* 
results ,n decreased biosynthesis of EPO and a concomitant reduction in red blood cells ^ * 

[0004] Erythropoietin is an acid glycoprotein hormone of approximately 34,000 Da. Human erythropoietin is a 166 

7!Z^TZ^ t ^: na,Ura,,y 35 3 m ° n0mer (Un Ct a '- 1985 ' PNAS 82 ' ZZi B2. EP 

Pa enU 703 008 ?S^; d °T B " d eXPreSSi ° n ° f 9e " eS enCOding ^poietin are described, e.g.. in U.S. 
2 mTiilSfS , PU °" ° f rec0mbinant erythropoietin from cell culture medium that supported the growth 

[0005] It ,s generally believed in this technical field that the biological activity of EPO in vivo mainly depends on the 

to one molecule EPO at the terminal ends of the carbohydrate side chains linked to N- and O-glycosylation sites Hiohlv 
sophisticated purification steps are necessary to obtain highly sialyla.ed EPO preparations 

SELfr further , detai ' ed ^fo^ation on erythropoietin see Krantz. Erythropoietin. 1 991 , Blood 77(3)41 9-34 #Ro- 

[0007] A well-known problem with the application of polypeptides and enzymes is that these proteins often exhibit 
rr 7 To a ? M Sta h b,,,ty ESPeCially ' ^^P^in has a relatively short plasma half live (SpwZnMotns 1989 

[0009] However. PEG-drug conjugates exhibit several disadvantages, e.g. they do not exhibit a natural structure 
which can be recognized by elements of in vivo degradation pathways. TheLrefapa™ om PEG ^coniuStel other 

tZanfr Pr °! ein r° ,ymerateS bee " Pr0dUCed A plurali, V ° f "thod. forfh ZZ^S^TeCZ 
teins and macromolecules such as polymerase have been described in the literature (see e g Wong ChenSrJ of 
protein conjugation and cross-linking, 1993. CRCS Inc ) ^nemistry of 

in!h 1 6 °LH l u y ?I 0XyettlylSlarCh ( , HES) fe 3 deriVa,iVe ° f na,ural 'y occurri "9 amylopektine and is degraded by a-Amylase 
-nCS^ 

[0011] DE 26 46 854 discloses methods for the conjugation of hemoglobin to HES In these methods HFS « , Mrio rt 

st D°E d rro?6 a ictf r ,,s in me production ° f -^^which „ i^zss^zsz 

TnL^no , ? 086 dlsc,oses tne conjugation of hemoglobin to HES according to a procedure wherein first a cross 
0oT 2 9 , HEsfsa sZhTh"? " I° «*"»'™* "^oglobin is linked to the interTZ prole, 

! ™ r . , Subs,,,u,ed der,va,,ve of the carbohydrate polymer amylopektine. which is present in corn starch a 
a concentration of up to 95 % per weight. HES exhibits advantageous biological properties and is use^Ts I Sod 

S T' , I ' and We ' dler 61 aL 1991 ' Arzneim,Forschung/Drug Res., 41. 494-498) 

K?k An l yl0pe, : ,,ne COnsists of glucose moieties, wherein in the main chain a-1 ,4-g.ycosid c bonds are present and 

at he branching sites a-1 ,6-g.ycosidic bonds are found. The physical-chemical properties of 11 motecule are maNv 
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[001 5] Consequently, HES is mainly characterized by the molecular weight distribution and the degree of substitution 
There are two possibilities of describing the substitution degree: 

1. The substitution degree can be described relative to the portion of substituted glucose monomers with resDect 
to all glucose moieties (DS). ~ 

2. The substitution degree can be described as the "molar substitution" (MS), wherein the number of hydroxyethyl 
groups per glucose moiety are described. 

[0016] HES solutions are present as polydisperse compositions, wherein each molecule differs from the other with 
respect to the polymerisation degree, the number and pattern of branching sites and the substitution pattern. HES is 
therefore a mixture of compounds with different molecular weight. Consequently, a particular HES solution is deter- 
mined by average molecular weight with the help of statistical means. In this context, M n is calculated as the arithmetic 
mean depending on the number of molecules. Alternatively, M w , the weight mean, represents a unit which depends 
on the mass of the HES. ~ 

[0017] The HES-drug conjugates disclosed in the art suffer from the disadvantage that HES is not conjugated site- 
specfically to the drug. Consequently, the conjugation results in a very heterogenous product having many components 
that may be inactive due to the destruction of the 3-dimensional structure during the conjugation step. 
[0018] In summary, there is still a need for further improved polypeptides with improved stability and/or bioactivity 
This applies especially to erythropoietin where isoforms with a high degree of sialic acids and therefore high actvity 
have to be purified from isoforms with a low degree of sialic acids (see EP 428 267 B1 ). Therefore, it would be highly 
advantageous if production methods were available which provide highly active polypeptides without requiring exten- 
sive purification. Unfortunately, the production of polypeptides in bacteria or insect cells is often difficult, because tne 
polypeptides are often not produced in a properly folded, native confirmation and lack proper glycosylation 
[0019] Consequently, it is an object of the present invention to provide polypeptide derivatives, especially erythro- 
poietin derivatives, having a high biological activity in vivo which can be easily produced and at reduced costs Fur- 
thermore, it is a further object of the present invention to provide a method for the production of polypeptide derivatives 
which is easy to perform and yields in products with high biological activity. It is a further object of the invention to 
provide pharmaceutical compositions comprising polypeptide derivatives with high biological activity. 
[0020] According to one aspect of the present invention, the problem is solved by a hydroxyalkylstarch (HASVeryth- 
ropoietin (EPO)-conjugate (HAS-EPO) comprising one or more HAS molecules, wherein each HAS is conjugated to 
the EPO via 

a) a carbohydrate moiety; or 

b) a thioether. 



[0021] The HAS-EPO of the invention has the advantage that it exhibits an improved biological stability when com- 
pared to the erythropoietin before conjugation. This is mainly due to the fact that HAS-EPO is less or even not recog- 
nized by the removal systems of the liver and kidney and therefore persists in the circulatory system for a longer period 
of time. Furthermore, since the HAS is attached site-specifically, the risk of destroying the in vivo biological activity of 
EPO by conjugation of HAS to EPO is minimized. 

[0022] The HAS-EPO of the invention has mainly two components, namely the erythropoietin (EPO)-polypeptide 
and the hydroxyalkylstarch (HAS) linked thereto. ^ 
[0023] The EPO can be of any human (see e.g. Inoue, Wada, Takeuchi, 1 g94, An improved method for the purification 
of human erythropoietin with high in vivo activity from the urine of anemic patients, Biol Pharm Bull 17(2) 180-4- 
Miyake, Kung, Goldwasser, 1977, Purification of human erythropoietin., J Biol Chem., 252(15), 5558-64) or another 
mammal.an source and can be obtained by purification from naturally occurring sources like human kidney, embryonic 
human hver or animal, preferably monkey kidney. Furthermore, the expression "erythropoietin" or "EPO" encompasses 
also an EPO vanant wherein one or more amino acids (e.g. 1 to 25. preferably 1 to 10. more preferred 1 to 5 most 
preferred 1 or 2) have been exchanged by another amino acid and which exhibits erythropoietic activity (see e g EP 
640 619 B1). The measurement of erythropoietic activity is described in the art (for measurement of activity in vitro 
seee.g. Fibi et al.,1991. Blood, 77, 1203 ff; Kitamura et al, 1989. J. Cell Phys., 140. 323-334; for measurement of EPO 
activity in vivo see Ph. Eur. 2001, 911-917; Ph. Eur. 2000. 1316 Erythropoietin! solutio concentrata. 780- 785; European 
Pharmacopoeia (1996/2000); European Pharmacopoeia. 1996. Erythropoietin concentrated solution. Pharmaeuropa., 
8. 371-377; Fib.. Hermentin. Pauly, Lauffer. Zettlmeissl., 1995, N- and O-glycosvtation muteins of recombinant human 
erythropoietin secreted from BHK-21 cells. Blood. 85(5). 1229-36; (EPO and modified EPO forms were injected into 
female NMRI mice (equal amounts of protein 50 ng/mouse) at day 1, 2 and 3 blood samples were taken at day 4 and 
reticulocytes were determined)). Further publications where tests for the measurement of the activity of EPO are de- 
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scribed Barbone, Aparicio, Anderson, Natarajan, Ritchie, 1994, Reticulocytes measurements as a bioassay for eryth- 
ropoietin, J. Pharm. Biomed. Anal., 12(4), 515-22; Bowen, Culligan, Beguin, Kendall, Villis, 1994, Estimation of effective 
and total erythropoiesis in myelodysplasia using serum transferrin receptor and erythropoietin concentrations with 
automated reticulocyte parameters, Leukemi, 8(1), 151-5; Delorme, Lorenzini, Giffin. Martin, Jacobsen, Boone, Elliott, 
5 1992, Role o glycosylate on the secretion and biological activity of erythropoietin, Biochemistry, 31(41), 9871-6' 
Higuchi, Oh-eda. Kuboniwa. Tomonoh, Shimonaka. Ochi, 1992;Role of sugar chains in the expression of the biological 
activity of human erythropoietin, J. Biol. Chem., 267(11), 7703-9; Yamaguchi, Akai, Kawanishi, Ueda, Masuda, Sasaki 
1991, ffects of site-directed removal of N-glycosylation sites in human erythropoietin on its production and biological 
properties, J. Biol. Chem., 266(30), 20434-9; Takeuchi, Inoue. Strickland, Kubota, Wada. Shimizu, Hoshi. Kozutsumi, 
10 Takasaki, Kobata, 1989, Relationship between sugar chain structure and biological activity of recombinant human 
erythropoietin produced in Chinese hamster ovary cells, Proc. Natl. Acad. Sci. USA, 85(20). 7819-22; Kurtz, Eckardt 
1989, Assay methods for erythropoietin, Nephron., 51(1), 11-4 (German); Zucali, Sulkowski, 1985, Purification of human 
urinary erythropoietin on controlled-pore glass and silicic acid, Exp. Hematol., 13(3), 833-7; Krystal 1983 Physical 
and biological characterization of erythroblast enhancing factor (EEF), a late acting erythropoetic stimulator in serum 
*5 distinct from erythropoietin, Exp. Hematol., 11(1), 18-31. 

[0024] Preferably, the EPO is recombinantly produced. This includes the production in eukaryotic or prokaryotic cells 
preferably mammalian, insect, yeast, bacterial cells or in any other cell type which is convenient for the recombinant 
production of EPO. Furthermore, the EPO may be expressed in transgenic animals (e.g. in body fluids like milk, blood, 
etc.), in eggs of transgenic birds, especially poultry, preferred chicken, or in transgenic plants. 
20 [0025] The recombinant production of a polypeptide is known in the art. In general, this includes the transfection of 
host cells with an appropriate expression vector, the cultivation of the host cells under conditions which enable the 
production of the polypeptide and the purification of the polypeptide from the host cells. For detained information see 
e.g. Krystal, Pankratz, Farber, Smart, 1986, Purification of human erythropoietin to homogeneity by a rapid five-step 
procedure, Blood. 67(1), 71-9; Quelle, Caslake, Burkert, Wojchowski, 1989, High-level expression and purification of 
a recombinant human erythropoietin produced using a baculovirus vector, Blood, 74(2), 652-7* EP 640 619 B1 and EP 
668 351 B1. 

[0026] In a preferred embodiment, the EPO has the amino acid sequence of human EPO (see EP 148 605 B2). 
[0027] The EPO may comprise one or more carbohydrate side chains (preferably 1-4, preferably 4) attached to the 
EPO via N- and/ or O-linked glycosylation, i.e. the EPO is glycosylated. Usually, when EPO is produced in eukaryotic 
cells, the polypeptide is posttranslationally glycosylated. Consequently, the carbohydrate side chains may have been 
attached to the EPO during biosynthesis in mammalian, especially human, insect or yeast cells. The structure and 
properties of glycosylated EPO have been extensively studied in the art (see EP 428 267 B1; EP 640 619 B1; Rush 
Derby, Smith, Merry, Rogers, Rohde, Katta, 1995, Microheterogeneity of erythropoietin carbohydrate structure Anal 
Chem., 67(8), 1442-52; Takeuchi, Kobata, 1991, Structures and functional roles of the sugar chains of human eryth- 
35 ropoietins, Glycobiology, 1(4), 337-46 (Review). 

[0028] The HAS may be directly conjugated to the EPO or, alternatively, via a linker molecule. The nature of the 
linker molecule depends on the way how the HAS is linked to the EPO. Possible functional groups of linkers are 
described in Table 1 and below. Several linkers are commercially available (e.g. from Pierce, available from Perbio 
Science Deutschland GmbH, Bonn, Germany)). Some suitable linkers are described in Table 2. The nature of the linker 
and its purpose are described in detail below in the section concerning the method for the production of HES-EPO 
[0029] According to a preferred embodiment of the HAS-EPO conjugate of the invention, the HAS is conjugated to 
the EPO via a carbohydrate moiety. 

[0030] In the context of the present invention, the term "carbohydrate moiety" refers to hydroxyaldehydes or hydrox- 
yketones as well as to chemical modifications thereof (see Rompp Chemielexikon. Thieme Verlag Stuttgart Germany 
9* edition 1990, Volume 9, pages 2281-2285 and the literature cited therein). Furthermore, it also refers to derivatives 
of naturally occuring carbohydrate moieties like glucose, galactose, mannose, sialic acid and the like. The term also 
includes chemically oxidized naturally occuring carbohydrate moieties wherein the ring structure has been opened 
[0031] The carbohydrate moiety may be linked directly to the EPO polypeptide backbone. Preferably, the carbohy- 
drate moiety is part of a carbohydrate side chain. In this case, further carbohydrate moieties may be present between 
the carbohydrate moiety to which HAS is linked and the EPO polypeptide backbone. More preferably, the carbohydrate 
moiety is the terminal moiety of the carbohydrate side chain. 

[0032] In a more preferred embodiment, the HAS is conjugated to a galactose residue of the carbohydrate side 
chains, preferably the terminal galactose residue of the carbohydrate side chain. This galactose residue can be made 
available for conjugation by removal of terminal sialic acids, followed by oxidation (see below). 
55 [0033] In a further more preferred embodiment, the HAS is conjugated to a sialic acid residue of the carbohydrate 
side chains, preferably the terminal sialic acid residue of the carbohydrate side chain. 

[0034] Furthermore, the HAS may be conjugated to the EPO via a thioether. As explained in detail below the S atom 
can be derived from any SH group attached to the EPO, both naturally or non naturally occurring. 
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I 00 H 51 H ln L P K e I, erred embodiment - me S atom ™y »>e derived from a SH group which has been introduced in an 

Mom preferably, the EPO has the amino acid sequence of human EPO and the naturally occurring cysteines are 
cysteine 29 and/ or 33. In a more preferred embodiment. HAS is conjugated to cysteine 29 and cysSe 33 SepTaced 

amfnoSd am ' n0 ™" * l ° 33 and *«*» » by aS 

I0 °M 71 J« me COn,eX, ° f the Pfesem inven,ion - bv *• *erm "added cysteines" it is meant that the polypeptides oref 
Z^, ,°' C ° mPnSe 3 CyS,6ine feSidUe Which is not P resent in »«> wild-type polypeptide pref " 

Tc tLinaTenTo^P? . miS ^ " *" ' nVenti0n> *" CyS ' eine ^ be an addi,i ° na ' amin ° acid added al •» N " 

Xne SSSrS^""? CyS,ein ! may haVe bee " added by rep,acin 9 a " atura,| y ^curing amino acid by a 
Tton k ™« 3re kn ° Wn 1,16 art (see above >- Pf eferably, in the context of this aspect of the invention 
the EPO is human EPO and the replaced amino acid residue is serine 1 26 'nvent.on. 

[0040] The second component of the HAS-EPO is hydroxyalkylstarch (HAS) 

SHU 1 !. k 6 COn,eX, ° f 018 PreSem inven,ion - ,ne term "hydroxyalkylstarch" is used to indicate starch derivatives 

E£d SU f St,,U o ed bV ^*»^ ,his *• 9™up may be subst tuted Preferabl 

ttie hydroxyalkyl contains 2-10 carbon atoms, more preferably 2-4 carbon atoms. ni^^start^^^' 

SKSCXSET hydr0 — - - Mroxybu„s»arch. y wherL hydroxye^nd 

[0042] The hydroxyalkylgroup(s) of HAS contain at least one OH-group 

E ,Im e eXPr ! SS l 0r ! ^^Ikytotarch- a '*° ***** derivatives wherein the alkyl group is mono- or polysub- 
strtuted. In th.s context, rt ,s preferred that the alky! group is substituted with an halogen, especia.ly flouXe "of2S an 
aryl group, provided that the HAS remains water soluble. Furthermore, the termina. hydroxy group of ZSl 

£STS£2^. h r?S alKy ' 9r ° UP ° f me W™y* k ^ -y be linear oftoZeT ' ' 
SIS mT ?k V? Stead0fa,ky, - alSolinearorbranchedsu bstitutedorunsubstitutedalkenegroupsmaybeused 
SSS IntZ Y T (HES) 18 m ° St ' 0r a " embodima ^ of the present invention T 

2 1 Sn i context of the present .nvention. hydroxyethylstarch may have a mean molecular weight (weight mean) 
f J2r h ' Whe f re,n a , mean mo,ecu,ar wei 9"< of 5-10° kDa is more preferred. Hydroxyethylstarch can forth r exS 

«i%tz™ ,on of 01 10 08 and a ra,io be,ween » >» *° - 9 e of ^t::^ 

senes (ISBN 0-947946-44-3), especially Chapter 1. Monosaccharides, page 1-36; Chapter 2 Oligosaccharides oaoe 
37-53. Chapter 3. Neutral Polysaccharides, page 55-96). uugosaccnarides, page 

? e . HAS c "^° COnjU9a,e ° f ,he inVenli0n may exhibit ^sentially the same in-vitro biological activity as re- 
for determining the in-vitro b.ological activity are known in the art (see above) 

[0049] Furthermore, the HAS-EPO exibits a greater in vivo activity than the EPO used as a starting material for 
OOSot Th?Hr S 0 Ep a oTn yS °T of h vivo and EPO activity are given in Examples 9 and 10 

Se HAS epo b,0, ° 9,Ca aC,iVi,y ° f ^ HAS ' EP0 COn ^ ate of « be inve "«°" «** results from the fact that 
?„»h^ , 9 a,e : ema,ns lonaer ,n the eirculation than the unconjugated EPO. because it is less recoqnized 
bytheremovatsystemsofthen 

£ll a ' 0n 1 °iL 6 ViV ° ha ' f ,fe ,ime ° f EP ° *» circulation are known in the art (Sytkowsk! Lun TSt 

[0053] Consequently, it is a great advantage of the present invention that a HAS-EPO is provided that may be ad- 
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Wee a «eek. more preferably enee a week " m ™ m, "° n ls pr " ,,,ote 

IS .nCT° re, f H eriVal ! VeS °' unsubs,ituted *cartx,xylic acids with 2-6 carbon atoms are preferred 

SaS 222 aT^r ° X ' iC ^ ^ 9 ™ PS ^ be - -me as men- 

SeCnS^ art (see e. g . Kiemm D. et a,. Comprehensive 

(ISBN 3-527-29489-9) Wnlle V VCH - We.nhe.rn, New York, especially chapter 4.4. Esterification of Cellulose 

a) providing EPO being capable of reacting with modified HAS 

2iZ2T?p^ d f HAS bein9 CapaWe ° f reaC,i " 9 with the EP0 of ste P a), and 
c) reacting the EPO of step a) with the HAS of step b) wherebv an HAS epo . nL, 

HAS mo.ecules. wherein each HAS is conjugated to thT^PO vfa ° C ° mPnS,n9 °" e " m ° fe 

i) a carbohydrate moiety; or 

ii) a thioether. 

[0061] The method of the invention has the advantaae that a HAq ppo • . 

S] PrXaT-yte EPO^r 60 ^ ^ EP ° ^ ^ 3Cid Se ^" ce * EPO. 
prefe*b.y« 

production of EPO. SSZSTE EPO may to ex^ J S C6 " ^ * COnVenien, *» ,he recombina ™ 
production of me polypeptide andThe purSn of ST" °. J"*. ^ Ce " S Under ° 0n<,i,i0ns which enable tba 
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52? r * 9lyC0Syla,ed Consequent!* the carbohydrate side chains may have been attached to the EPO 
dunng produci.on in mammalian, especially human, insect or yeast cells which mav be cell, « Z ^ . 
(see above), either extracted from the animal or still in the animal S9e "' C an ' mal 

SI 1ZS££T ^ <2 ' " ' "° fe " M — *« - »«— "AS * con)„, alM ,o m , EPO 

- »ss±."ss r r-r p ° si - 

sssrr ,75 - ,77: ,rl pre!s .KSKs&sy c " w 5 Mon,re * ^ ,c °^ fo " 

achieved by the means of aalactosvltransfpr^ th .J*. ' S deS ' red ,0 attach galactose, this can be 

GafcctosytLsfe^ *° •* Merger. Greber. Mosbach. 1986. 

in vitro. FEBS Lett.. 203(1). 64-8) endo-N-acetylglucosam.n.dase H-treated core N-glycans 

[0083] ,n a most preferred embodiment, in step a) the EPO is modified by oxidizing a, teas, one tormina, saccharide 
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unit, preferably galactose, of the one or more carbohydrate side chains of the EPO. preferably after partial or complete 
enzymatic and/or chemical) removal of the terminal sialic acid, if necessary (see above) 

[0084] Consequently, preferably the modified HAS is conjugated to the oxidized terminal saccharide unit of the car- 
bohydrate chain, preferably galactose. 

[0085] Furthermore, the modified HAS may be preferably conjugated to a terminal sialic acid, which is preferably 
oxidized in step a) of the method of the invention. preieraoiy 

E L? f " rther , preferre ( d embodiment (see point (3) above), the EPO comprises at least one free SH-group. 
ESS p 9 k preferred embodiment. ■* SH group may be linked to a preferably oxidized cariihydrate 

Jf l*r h 9 ^ 

Oro Chem 42 ^ IZ 2 r deriVaUVe ' ** thi09lyC ° liC acW hydra2ide Resides et a... 1977. J. 

hUl ? " 1 ^ „ ! conjugating these molecules to the oxidized carbohydrate moiety of EPO may 

be analogous to those described in Example Protocols 8 and 9 ^ 

in°a 8 2ed A Sne 9 '° 3 fUrther Pre,efred emb ° diment ' me free SH ^ fe P 3rt ° f a natural-occurring cysteine or of 

S JST -an K EP ° !T S6Veral CyStei " eS WWCh n0rmal,y f0rm disulfide bonds - H <>wever, b V ^Placing at least 

n me iTRHo^r" 9 ^"k 63 PfiSeS 3 ffee SH - gr ° Up - M6th0ds f0r ,ne replacement of amino acids are 
known in the art Elliott. Lorenz.ni. Chang. Barzilay. Delorme. 1997. Mapping of the active site of recombinant human 

m °° d ' M 2) ' 493 - 5 ° 2: BOiSSel> Lee ' PreSne "' C0hen ' Bunn ' 1993 ' Erythropoietin *u*EtaZ 
Mutant P rote,ns «»« tes « a model of tertiary structure. J Biol Chem.. 268(21). 15983-93)) 

cySe ££S£! me amin ° Se<,UenCe ° f hUman EP ° and the na,ura,,y occumng cysteines are 

mo°d 9 l H^S^ZeZT mmi ' CVS,eine " iS reP ' aCed ^ ^ ^ aCid and Sfep <> 

EX Z^\^eT M - v*** 29 is rep,aced by ano,her amino acid and in step <> ,he ™ difiad 

US Prln ^ C ° n,eXt ° f Pre$ent inVenti ° n ' by ,he ,erm " added c y s,eines " « is meant >net the polypeptides, pref- 
add^ol ^ h mPnSe K a " e reS ' dUe WWCh iS n0 ' Presem in ,he wi,d lype Polypeptide. This can be achieved by 
renlLcinl ;» by ' eC0mb,n3nt me3ns > a residue either at the N- or at the C-terminus of the polypeptide or by 

SIS Tof™?'* *? ad K d l d CyS,eine h3S b6en added by rep,3Cin9 a na,ura "y occurinfl ami "° a *° ^ a cysteine. 
2 p ? k? ?k emb0d,men *- ,he Ep O ^ human EPO and the replaced amino acid residue is serine 126 
[0096] Preferably, the modified HAS is conjugated in step c) to the added cysteine 

of step a)" SleP ^ ° f melh<>d ° f inVenti ° n ' m ° dified HAS iS Pr ° Vided Which iS 03,531,16 of reacti "9 with the EPO 

EL'". U C ° nteX K ^ HAS may be Preferably modif,ed 31 its reduci "9 end. This has the advantage that the 
SuZ 1 rfir ^ 6 C0 ? tr °" ed e3Sily and that ,he Skil,ed perSOn can be sure which group of HAS I modified 
during the reaction^ Since only one group is introduced into the HAS, crosslinking between different EPO molecules 
by multifunctional HAS molecules and other side reactions can be prevented molecules 
[0099] Accordingly, the modified HAS may be capable of reacting either with 

0) at least one group linked, either directly or via a linker molecule, to sulfide groups or carbohydrate moieties of 

(2) at least one carbohydrate moiety, which is preferably oxidized and /or 

(3) at least one free SH-group. 

mechanism are known in the art. An example is given in Example 4 2 1 "denying 
[0101] With respect to points (2) and (3) above, several methods are known in the art to modify HAS The basic 

Z T^T^ tha< 6ither 3 feaC,iVe 9r0UP ° f HAS iS m0dified in °' d " ^ be capa^e of reacting 
blal^Z \ irate mo,ety or SH-group or a linker molecule is conjugated to HAS which contains a reactive group 
being capable of reacting with the carbohydrate moiety or SH-group 

eS a termini. HAS m3y be oapab.e of reacting with oxidized carbohydrate moieties, pref- 
?n B «l o saccharide res.due. more preferably galactose, or a terminal sialic acid 

ULr l 6Vera ! T arC knOW " ,0 m0dify HAS SUCh mat " is C3pab,e ° f ^acting with an oxidized, preferably terminal 

men,,0ne r ab ° Ve ' ^ m ° difiCa,i0n ^ 56 in,r ° dUCed "^selectively a, the reducing end o 
the HES-cham. In th.s case. ,n a first step, the aldehyde group is oxidized to a lactone. The modifications include but 
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^!!r ,ed 1- 3 T iti0 " ° f hydraZide " amin ° (a,S ° ^^y'amino), semicarbazide or thiol functions to HAS either 
^•^'o'Med.c^ 

£ TeL^!^* TTk inVen,i0n, 1,16 addi,i ° n ° f 3 hydra2ide or hy°">xyamino function is preferred In this case 
Sfe ESSKS? ? 9 f reaCUOn ° f S,6P C) ° f me me,hod of 1,16 P rese "« 'mention at a pH of 5 5 itTs ensu ed thai 

rnS , Z V ,m,ne / orma,,on of 'y sin sida <* a ™ with me oxidized saccharide residue ,ntramolecu,ar 

!E2Lta2S£E l h r ? EP0 " im 0,8 "" ,ai,iM HAS *»« - •» ****«" 

? e h y drox y alk y'group(s) of HAS contain at least one OH-group 
□«o " ydr0xyethylstarch < HES > is ™ a « preferred for all embodiments of the present invention 

aryl group provLdtna t t^^^ll^f M , 9 ^ ,P C 8 S " bsWuled with an hal °9 a ". especially flourine. or with an 
[0£] F^^e. taw, „, akyl . als0 , tear „ bmM aMUU o , un J tsBu ,J' a ^^ ps fc 
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[0122] In the context of the present invention, hydroxyethylstarch may have a mean molecular weight (weight mean) 
of 1-300 kDa, wherein a mean molecular weight of 5-100 kDa is more preferred. Hydroxyethylstarch may further exhibit 
a molar degree of substitution of 0.1 to 0.8 and a ratio between C 2 :C 6 -substrtution in the range of 2-20, with respect 
to the hydroxyethylgroups. 

[0123] The HAS-EPO produced by the method of the invention can be purified and characterized as follows: 
[0124] Isolation of the HAS-EPO can be performed by using known procedures for the purification of natural and 
recombinant EPO (e.g.size exclusion chromatography, ion-exchange chromatography, RP-HPLC, hydroxyapatite chro- 
matography, hydrophobic interaction chromatography or combinations thereof ). 

[0125] The covalent attachment of HAS to the EPO polypetide can be verified by carbohydrate compositional analysis 
after hydrolysis of the modified protein (ratio of hydroxyethylglucose and mannose present on the three N-qlycosvlation 
sites of EPO). 

[0126] Demonstration of HAS modification at N-linked oligosaccharides of EPO can be accomplished by removal of 
the HAS modified N-glycans and observation of the predicted shift to higher mobility in SDS-PAGE +/- Western Blottinq 
analysis. 

[01 27] HAS modification of EPO at cysteine residues can be demonstrated by the failure to detect the corresponding 
proteolytic Cys-peptide in RP-HPLC and MALDI/TOF-MS in the proteolytic fragments of the HAS-modified product 
(Zhou et al., 1998, Application of capillary electrophoresis, liquid chromatography, electrospray-mass spectrometry 
and matrix-assisted laserdesorption/ionization - time of flight - mass spectrometry to the characterization of recombinant 
human erythropoietin. Electrophoresis, 19(1 3), 2348-55). The isolation of the HAS-containing fraction after proteolytic 
digestion of the Cys-modified EPO enables the verification in this fraction of the corresponding peptide by conventional 
amino acid compositional analysis. 

[0128] All embodiments disclosed above with respect of the HAS-EPO of the invention concerning properties of EPO 
or HAS apply also to the method of the invention for preparing a HAS-EPO. 

[0129] The invention further relates to a HAS-EPO, obtainable by the method of the invention. Preferably, this 
HAS-EPO has the features as defined for the above HAS-EPO of the invention. 

[0130] The invention further relates to a HAS-EPO according to the invention for use in a method for treatment of 
the human or animal body. 

[0131] Furthermore, the present invention relates to a pharmaceutical composition comprising the HAS-EPO of the 
invention. In a preferred embodiment, the pharmaceutical composition comprises further at least one pharmaceutical^ 
acceptable diluent, adjuvant and/or carrier useful in erythropoietin therapy. 

[0132] A "therapeutically effective amount" as used herein refers to that amount which provides therapeutic effect 
for a given condition and administration regimen. The administration of erythropoietin isoforms is preferably by parenter- 
al routes. The specific route chosen will depend upon the condition being treated. The administration of erythropoietin 
isoforms is preferably done as part of a formulation containing a suitable carrier, such as human serum albumin a 
suitable diluent, such as a buffered saline solution, and/or a suitable adjuvant. The required dosage will be in amounts 
sufficient to raise the hematocrit of patients and will vary depending upon the severity of the condition being treated 
the method of administration used and the like. 

[01 33] The object of the treatment with the pharmaceutical composition of the invention is preferably an increase of 
the hemoglobin value of more than 6.8 mmol/l in the blood. For this, the pharmaceutical composition may be admin- 
istered in a way that the hemoglobin value increases between 0.6 mmol/l and 1.6 mmol/l per week. If the hemoglobin 
value exceeds 8.7 mmol/l, the therapy should be preferably interrupted until the hemoglobin value is below 8.1 mmol/l. 
[01 34] The composition of the invention is preferably used in a formulation suitable for subcutaneous or intravenous 
or parenteral injection. For this, suitable excipients and carriers are e.g. sodium dihydrogen phosphate, disodium hy- 
drogen phosphate, sodium chlorate, polysorbate 80, HSA and water for injection. The composition may be administered 
three times a week, preferably two times a week, more preferably once a week, and most preferably every two weeks. 
[0135] Preferably, the pharmaceutical composition is administered in an amount of 0.01-1 0 ug/kg body weight of the 
patient, more preferably 0,1 to. 5 ug/kg, 0,1 to 1 ug/kg, or 0.2-0.9 ug/kg, most preferably 0.3-0.7 ug/kg and most 
preferred 0.4-0.6 fig/kg body weight. 

[0136] In general, preferably between 10 ug and 200 ug, preferably between 15 ug and 100 ug are administered per 
dosis. 

[0137] The invention further relates to the use of a HAS-EPO of the invention for the preparation of a medicament 
for the treatment of anemic disorders or hematopoietic dysfunction disorders or diseases related hereto. 
[0138] According to a further aspect of the present invention, the problem is solved by a hydroxyalkylstarch (HAS)- 
polypeptide-conjugate (HAS-polypeptide) comprising one or more HAS molecules, wherein each HAS is coniuqated 
to the polypeptide via 

a) a carbohydrate moiety; or 

b) a thioether. 
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InmnlrP^n ^^J d t° l , ,he inven,i °" has lhe Vantage that it exhibits an improved biological stability when 
compared to the polypept.de before conjugation. This is mainly due to the fact that HAS-polypeptide is less oTno" 

penod of time. Furthermore, s.nce the HAS is attached site-specifically, the risk of destroying Win vivo biologS 
T£ po,ypep,,de ^ Ration of HAS to the polypeptide is minimized. 9 

^ZXSS^ ^ inVenU ° n main,V *° COmPOnentS ' «"""* the POlyPeP « de a " d - ^roxy- 

human so^e" 01 ^^ 8 ^ * °' "* ^ °' ^ ^ 3 em bodiment. *■ Polypeptide is of 

KIL^ W d ! T bea cytokine ' es P ecia "V erythropoietin, an interteukin. especially interieukin-2. IFN-B 
IFN-alpha, CSF, interteukin-6 and therapeutic antibodies. 

[0143] With respect to erythropoietin, all embodiments disclosed above also apply here 

^i.l/l e lfl ab |!' P 0 '^ 6 iS re combinantly produced. This includes the production in eukaryotic or prokary- 
ot,c cells, preferably mammahan. msect. yeast, bacterial cells or in any other cell type which is convenient for the 

g. m body flu.ds l,ke m.lk. blood, etc.). .n eggs of transgenic birds, especially poultry, preferred chicken, or in transgenic 

hosfcllls^ith^ P t r ° dUCti0n °' 3 P0lypep,ide is known in «» art- In general, this includes the transfection of 

host cells with an appropnate expression vector, the cultivation of the host cells under conditions which enable the 

e o TrlTai pT F V ^ PUrifiCa,, ' 0n ° f the P0 ' ypep,ide fr0m *° host cells " *» billed nformafe see 
e.g. Krystal Pankratz. Farber. Smart. 1986. Purification of human erythropoietin to homogeneity by a rapid five-steo 

Tr^r T 67(1)1 2* QUe " e> CaS ' ake - BUrkert ' W ° jch0WSki - 19 «* Hi9h-.eve. express* and P «on of 
668^ bT erythropoietin P roduced ^ing a baculovirus vector. Blood. 74(2). 652-7; EP 640 619 B^nd EP 

2ml* r lyP ? P , tWe m3y C ° mpriSe ° ne ° r more «>*<>r»ydrate side chains attached to the polyppetide via N- and/ 
Zu, hAof yC °! y H 't * e P °' yPeptide iS B^-tod- UsuaHy. when a polypeptide is produced in eukaryotic 
f ' h I, P K PePt !° e 18 pos,trans,alior 'a»y glycosylated. Consequently, the carbohydrate side chains may havetoen 
12? Z ,h ! A P ! ,ypep !! de durir * biosynthesis in mammalian, especially human, insect or yeas, cet.s 
Z^LJll , T be direct)y c o"i u gated to the polypeptide or, alternatively, via a linker molecule. The nature of 

ta^TTJZTst: ^ Tth° W HAS " " nked l ° ' he P ° ,yPeptide - SeV6ral linkers « commerce 
available (e.g. from Pierce, see above). The nature of the linker and its purpose are described in detail below in the 

section concermng the method for the production of HES-polypeptide is discussed 

So l °H a preferred emb °diment of the HAS-polypeptide conjugate of the invention, the HAS is conju- 

gated to the polypeptide via a carbohydrate moiety. ' 
[0149] In the context of the present invention, the term "carbohydrate moiety" refers to hydroxyaldehydes or hvdrox- 
yketones as well as to chemical modifications thereof (see Rompp ChemieTexikon. 1990. Thieme Vertag S W 
o c!^' ^ 

occunng carbohydrate mo.et.es like glucose, galactose, mannose. sialic acid, and the like. The term ateo includes 
hem^,,y ox,d e ed naturally occuring carbohydrate moieties wherein the ring structure has been opened 
S ic ^ *i t3 l r° 6ty may 06 Nnked direc,ly ,0 PO'VPoptide backbone. Preferably, the carbohydrate 
h T • " rb0hydrate side chain - ■* ^se. further carbohydrate moieties may be present^eenThe 
carbohydrate mo.ety to which HAS is linked and the polypeptide backbone. More preferably, the carbohydraTe Toietv 
is the terminal moiety of the carbohydrate side chain caroonyarate moiety 

cS olefL^Y? 6rred l emb0dimen, • HAS iS C ° njU9aled 10 3 9alac,ose residue of the carbohydrate side 
n a S ' Prafe rab,y 016 term,nal 9 alac,ose residue of the carbohydrate side chain. This galactose residue can be made 
avertable for conjugation by removal of terminal sialic acids, followed by oxidation (see below) 

Il rLI" 3 ? he K?T Preferred embodime^, • tha HAS * conjugated to a sia.ic acid residue of the carbohydrate 
side chains, preferably the terminal sialic acid residue of the carbohydrate side chain caroonyarate 

S Ifoi rlnZT^T HAS be cor, i u 9 a,ed t0 the Polypeptide via a thioether. As explained in detail below the 
raS? Z „ k T SH 9f0UP attaChed ,0 thC po, y pe P tide - both naturafly or non naturally occurring' 

S iTl T embod,men, > ,he S a, °m may be derived from a SH group which has been introduced in an 

c^:?tCrrs 

[0156] , n the context of the present mvenfion, by the term "added cysteines" it is meant that the polypeptides comprise 
a cysteine residue which is not present in the wild-type polypeptide po.ypepi.oes comprise 

5S J^reXaXe" " " " ^ ^ » ™ ^ ^ al N ' 
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XL FUrther^10fe • *° add6d CyS,6ine may have been added »y facing a naturally occuring amino acid by a 
[0159] The second component of the HAS-polypeptide is HAS. 

IO k 1 ^ T "T ° f * e PreSem invention - the «erm "hydroxyalkylstarch" is used to indicate starch derivatives 
wh.* have been substrtuted by hydroxya.kylgroups. .n this context, the a.ky. group may be substituted. Preferab" 
the hydroxya.kyl contems 2-1 0 carbon atoms, more preferably 2-4 carbon atoms. "Hydroxyalkylstarch" therefore pre£ 
hXy^SrcTa^r hydr0 — — - Mroxybutyls^rc, wherein Uxyemytsfarch"^ 
[0161] The hydroxyalkylgroup(s) of HAS contain at least one OH-group 

.rir^T 8 ! 0 ". 'W™Y a W*to*" also includes derivatives wherein the alkyl group is mono- or polysub- 
stituted. In th,s context, rt .s preferred that the alkyl group is substituted with an halogen, especially flourine. or with an 
aryl group, prov.ded that the HAS remains water soluble. Furthermore, the terminal hydroxy group of hydroxyalkyl may 
rn« S ,f c " e,henfied " addi,i0n ' me alkyl 9TOU P of the hydroxyalkylstarch may be linear or branched 
S ^ e ™° re - inste ad of alkyl. also linear or branched substituted or unsubstituted alkene groups may be used 
[0164] Hydroxyethylstarch(HES) is most preferred for all embodiments of the present invention 
2 1 i 6 2n iln"" K° n,eXt ° f thC PfeSent inVen,i ° n ' Wnwyathytotarch may have a mean molecular weight (weight mean) 
of 1-300 kDa, wherem a mean molecular weight of 5-1 00 kDa is more preferred. Hydroxyethylstarch can further exhibi 

te;tCo7e^ 

%!Z!1 . H f S -P°' y P* ptide ma V com P fise 1 " 12 - P ref ^ably 1-9. 1-6 or 1-3. most preferred 1-4 HAS molecules per 
Peptide molecule The number of HAS-molecules per polypeptide molecule can be determined by quantitative 
carbohydrate compositional analysis using GC-MS after hydrolysis of the product and derivation of the resulting 
monosacchandes (Chaphn and Kennedy, 1986. Carbohydrate Analysis (eds.): a practical approach ed.. Chapter 1 
Monosacchandes page 1-36; Chapter 2. Oligosaccharides page 37-53; Chapter 3. Neutral Polysaccharides; 55-96;' 
IRL Press Practical approach series (ISBN 0-947946-44-3). 

[0167] All embodiments disclosed below with respect of the method of the invention to produce a HAS-polypeptide 

embodiments disclosed above with respect to HAS-EPO or the preparation thereof which relate to peptides in general 
or to HAS apply also to the HAS-polypeptide of the invention. 

[0168] Hydroxyalkylstarch is an ether derivative of starch. Besides of said ether derivatives, also other starch deriv- 
hydroxy groups. These denvatives may be e.g. derivatives of unsubstituted mono- or dicarboxylic acids with 2-12 
ar ITJ Ta" 1 , deriVaUVeS ,her60f - ESpeCia " y USe,ul are derivatives of ""substituted monocarboxylic 
preferreJ ^ * ^ ^ ** C ° nteXt ' acet y' starch ' butylstarch or propylstarch are 

I™ r urthermore - derivatives of unsubstituted dicarboxylic acids with 2-6 carbon atoms are preferred 

[0170] In the case of derivatives of dicarboxylic acids, it is useful that the second carboxy group of the dicarboxylic 

E.h Fbr T '"k 8 ."!"^ m ° n °" ° f dicarbox y |ic acids ' the substitute groups may be preferably the same as men- 
tioned above for substituted alkyl residues. 

[0172] Techniques for the esterification of starch are known in the art (see e.g. Klemm D. et al. Comprehensive 

[01 73] In a further aspect, the present invention relates to a method for the production of a hydroxyalkylstarch (HASV 
polypeptide-conjugate (HAS-polypeptide). comprising the steps of: oxyaiKy.siarcn (HAb)- 

a) providing a polypeptide being capable of reacting with modified HAS, 

b) providing modified HAS being capable of reacting with the polypeptide of step a) and 

c) reacting the polypeptide of step a) with the HAS of step b). whereby an HAS-polypeptide is produced comprising 
one or more HAS molecules, wherein the HAS is conjugated to the polypeptide via comprising 

i) a carbohydrate moiety; or 

ii) a thioether. 

i°hio1! bio^i^fiviL^ '"I 6 "" 0 " ha .l ,he adVan,a9e tha * 3 HAS -P°'yP a P tida «"i"gate is produced which exhibits 
IriSi S h Activity. Furthermore, the method of the invention has the advantage that an effective polypetide 
derivative can be produced at reduced cost since the method does not comprise extensive and time consuming puri- 
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fication steps resulting in low final yield. 

[0175] Accordingly, in the first step of the method of the invention, a polypeptide is provided which is capable of 
reacting with modified HAS. 

[0176] As used in the present invention, the term -providing" has to be interpreted in the way that after the respective 
5 step a molecule (in step a) a polypeptide, in step b) HAS) with the desired properties is available. 

[0177] In the case of step a), this includes the purification of the polypeptide from natural sources as well as the 
recombinant production in host cells or organism, and, if necessary, the modification of the polypeptide so obtained 
[0178] With respect to the polypeptide being the starting material of the present invention, the same applies as for 
the erythropoietin being part of the HAS-polypeptide conjugate of the invention. In this context, the preferred embod- 
10 iments disclosed above apply also for the method of the invention. 

[01 79] Preferably, the polypeptide is recombinantly produced. This includes the production in eukaryotic or prokary- 
otic cells, preferably mammalian, insect, yeast, bacterial cells or in any other cell type which is convenient for the 
recombinant production of the polypeptide. Furthermore, the polypeptide may be expressed in transgenic animals (e 
g. in body fluids like milk, blood, etc.), in eggs of transgenic birds, especially poultry, preferred chicken, or in transgenic 
" plants. 

[0180] The recombinant production of a polypeptide is known in the art. In general, this includes the transfection of 
host cells w.th an appropriate expression vector, the cultivation of the host cells under conditions which enable the 
production of the polypeptide and the purification of the polypeptide from the host cells (Krystal. Pankratz Farber 
Smart, 1986, Purification of human erythropoietin to homogeneity by a rapid five-step procedure Blood 67(1) 71-9- 
Quelle. Caslake. Burkerl. Wojchowski, 1989. High-level expression and purification of a recombinant human erythro- 
poietin produced using a baculovirus vector. Blood, 74(2), 652-7; EP 640 619 B1 and EP 668 351 B1 ). 
[01 81] The polypeptide may comprise one or more carbohydrate side chains attached to the polypeptide via N- and/ 
or O-I.nked glycosylate, i.e. the polypeptide is glycosylated. Unsually, when the polypeptide is produced in eukaryotic 
cells, the polypeptide is posttranslationally glycosylated. Consequently, the carbohydrate side chains may have been 
attached to the polypeptide during production in mammalian, especially human, insect or yeast cells, wherein the cells 
may be those of a transgenic animal or plant (see above). 

[0182] These carbohydrate side chains may have been chemically or enzymatically modified after the expression in 
me appropriate cells, e.g. by removing or adding one or more carbohydrate moieties (see e.g. Dittmar, Conradt Hauser 
Hofer, Lmdenmaier. 1 989, Advances in Protein design; Bloecker. Collins, Schmidt, and Schomburg eds GBF-Mono- 
30 graphs, 12, 231-246. VCH Publishers. Weinheim. New York. Cambridge) 

[0183J It is the object of the method of the invention to provide an HAS-polypeptide comprising one or more HAS 
molecules wherein the HAS is conjugated to the polypeptide via a carbohydrate moiety (i) or via a thioether (ii) Con- 
sequently, the polypeptide provided in step a) should have the properties that a conjugation via a carbohydrate moiety 
and/ or via a thioether is possible. Therefore the polypeptide after step a) may preferably contain either 

(1) at least one reactive group linked, either directly or via a linker molecule, to sulfide groups or carbohydrate 
moieties, which is capable to react with HES or modified HES, 

(2) at least one carbohydrate moiety to which modified HAS can be conjugated, and/or 

(3) at least one free SH-group. 
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[0184] With respect to possibility (1) above, the polypeptide of step a) is preferably obtainable by conjugating an 
appropnate Imker molecule to the SH-group(s) or carbohydrate moieties of the polypeptide. An example for such a 
modified polypeptide is provided in Example 4, 2.1. It is important to ensure that the addition of the linker molecule 
does not damage the polypeptide. However, this is known to the person skilled in the art. 
« [0185] With respect to possibility (2) above, in a preferred embodiment, the modified HAS is conjugated to the 
polypeptide via a carbohydrate moiety. 

[0186] The carbohydrate moiety may be linked directly to the polypeptide backbone. Preferably, the carbohydrate 
mo.ety is part of a carbohydrate side chain. In this case, further carbohydrate moieties may be present between the 
carbohydrate moiety to which HAS is linked and the polypeptide backbone. More preferably, the carbohydrate moiety 
so is the terminal moiety of the carbohydrate side chain. 

[0187] Consequently, in a preferred embodiment, the modified HAS is attached (via a linker or not, see below) to 
carbohydrate chains linked to N- and/ or O-glycosylation sites of the polypeptide. 

[0188] However, it is also included within the present invention that the polypeptide contains (a) further carbohydrate 
mo.et(y)ies to which the modified HAS is conjugated. Techniques for attaching carbohydrate moieties to polypeptides 
either enzymatically or by genetic engineering, followed by expression in appropriate cells, are known in the art (Berger' 
Greber, Mosbach. 1986. Galactosyltransferase-dependent sialylation of complex and endo-N-acetylglucosaminidase 
H-treated core N-glycans in vitro. FEBS Lett.. 203(1). 64-8; Dittmar. Conradt. Hauser. Hofer, Lindenmaier 1989 Ad- 
vances in Protein design; Bloecker, Collins. Schmidt, and Schomburg eds., GBF-Monographs, 12 231-246* VCH Pub- 
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lishers, Weinheim, New York, Cambridge). 



't 1 S ' pages 175 - 177 - 'RL Press Practical approach series (ISBN 0-947946-44-3)1 

haI i r in r e p : e r * invention ,hat me carbohydrate * *. „»«*, 

fcwh^ral^^^ preleraWy^teuose m0<Wiet ' HAS * cw1 j u 9 a,ed ^ 'he oxidized lerminafsa^ln^ uniTolihe car- 

[0205] Accordingly, the modified HAS may be capable of reacting either with 

the 1XtS*T* Hnked ' direCt ' y " ^ 3 ' inker m0 ' eCUle ' 10 SU ' flde 9TOUPS ° f Carb0h ^ ale of 

(2) at least one carbohydrate moiety, which is preferably oxidized, and /or 

(3) at least one free SH-group. 
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wrth the carbohydrate moiety or SH-group or a linker molecule is conjugated to HAS which contains a reactive group 
being capable of reacting with the carbohydrate moiety or SH-group 

SS - C3 T f me m0dmed HAS 56 ° apable ° f reac,in9 with oxidi2ed <**ohydrate moieties, pref- 

erably a terminal sacchande residue, more preferably galactose, or with a terminal sialic acid 

W T kn ° Wn t0 m0di,y SUCh U,al " iS of reacti "9 with an °*idized. Preferably terminal 

iSKZtt* ment, ° ne t abOVe ' ^ m ° di,iCati0n maV be intTOdUCed ^--lectKrely at the reducing 2 o 
the HES-chain. In this case, in a first step, the aldehyde group is oxidized to a lactone. The modifications include but 

ZZ r 'r ? a r°" ° f hydra2We - amin ° (a,S ° h ^ 0X V' a """°). semicarbazide or thiol funSs to Ts e'Z 
directly or via a Imker. These techniques are explained in further detail in Examples 2-». Furthermore the mechanisms 
per se are known in the art (see e.g. DE 196 28 705 A1; Hpoe et a... 1981. Carbohydrate Res.. S 39 FiSs euT 
1960.JoumalofMed,c,na.and Pharmaceutical Chemistry. 2. 47; Fne. 1998. di^ 

[0210J Within the present invention, the addition of a hydrazide or hydroxylamino function is preferred In this case 
by preferably conducting the reaction of step c) of the method of the present invention at a pH of 5 5 Tis ensu ed thai 
he modified HAS reacts selectively with the oxid*ed carbohydrate moiety of the polypeptide without in er or inSmo 

021 ?; c t^ b , y imine ,orma,ion ° f ,ysine side chains wHh ™^iit 

E 2. P ° ,nt (3)> 3130 S6Veral WayS are known ,0 modif y HAS s "ch that it is capable of reacting with a 

free ^SH-group^Preferentially. this modiHcation is introduced regioselectively at the reducing end of me H^ 
methods include, but are not limited to the addition of maleimide. disulfide or halogen aLtamide functions to hIs 
These techniques are explained in further detail in Examples 2-4 ceiamioe functions to HAS. 

Thn!? f^.^" 8 abou, lhese,echnic I uescan "e obtained from Chamovetal., 1992. J. Biol. Chem 267 15916- 
JSure^ed 1 ^ 

[0214J Several linker molecules which are useful in the context of the present invention are known in the art or 

Krxr^^jr? nr- ava,,ab,e from perbi ° science Deu,sch,and G«*H.sxiS 

whorl an HAS DolvDPiTri L * inVen,i ° n> ,he P °' yPep,ide ° f Step a > with the HAS ° f S *P °> is Veacted, 

whereby an HAS-polypept.de is produced comprising one or more HAS molecules wherein the HAS is conjugated to 
the polypeptide via a carbohydrate moiety or via a thioether. conjugated to 

molLf ln Pr 'f ^ ^ de,ai,ed meth ° dS h0W 10 react tne P°'yPeP«de with the modified HAS depend on the individual 
SfSSh P yPeP 6 and HAS and afe kn0W " in me art < See eo - Rose . 1994 J. Am Chi Soc 

Ezlal sI'm e " empli !; ed in the P resent ™ enti ° n - «he details are given in Examples 2-4, especially 4. 

nLf ^topc) may be performed ,n a reaction medium comprising at least 10% per weight H,0 
[0219] The reaction medium in this preferred embodiment of the method of the invention comprises at least 10 V 
perwe,ghtwa«er preferred 

Si adVan,a9e °' th ' S embodime nt of the method of the invention is. that it is not necessary to use toxico- 

S5U io'^TlT ^ ,here, °K re " ' S n °* neC6SSary *° rem ° Ve 01686 80,V6ntS a " er *• P-ducLn Process, 
in order to avoid the contamination with the solvent. Furthermore, it is not necessary to perform additional oualitv 
centre s with respect to residual lexicologically critical solvents. « is preferred to use asXganic sTents 
not critical solvents like ethanol or propylenglycol. soivenis loxicoiog.cally 

Sh A T°I her ad ™ tase of the method of « h e invention is that irreversible or reversible structural changes are 

nv° n onte d^n S 2Z? T' C ° nSeqUen ° y ' to « * 

invention are different from those prepared in organic solvents such as DMSO 

S J^!T r6 'n haS b6en 8Urpri8in 9 , y observed ^ conjugation of HAS to drugs in an aqueous solution 
greTpS. Consequently, mis embodiment of the method of the invention leads to improved product 

Sh k 6 C0n,6X, 0f me P resent inve "«°". toe term "hydroxyalkylstarch" is used to indicate starch derivatives 

^ZSZS^SlSi? T^* 9 ™^ this « ■» alky, group may be substitut d Pre el", 
ttie hydroxyalkyl contains 2-10 carbon atoms, more preferably 2-4 carbon atoms. "Hydroxyalkylstarch" therefore oref 

[0224] The hydroxyalkylgroup(s) of HAS contain at least one OH-group 

[0225] Hydroxyethylstarch (HES) is most preferred for all embodiments of the present invention. 
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[0226] The expression -hydroxyalkylstarch" also includes derivatives wherein in* a iw„i nr„, 

m Furihennore. .nstead of alky,, a.so .inear or branched suhs.in.ed or unsuLtuted may be 

amo.ardegreeofsubstJS ; oT^^ 

to the hydroxyethylgroups. C 2 .C 6 -subst.tution in the range of 2-20, with respect 

and recombinant polypeptides^ sS exclusion cZZtZ ^ Pr0CedUreS f ° r purification ° f nat " al 
S oxya P au rT ,^ 

!Sa, o^aTZZn^ ongosaocharides of the polypeptide can be accomplished by 

Western B.otting anafyst ^ °«>servat,on of the predicted shift to higher mobi.ity in SDS-PAGE +/- 

[0233] HAS modification of the polypeptide at cvsteinn rpsWuoc k j 

corresponding proteolytic Cys-peptide in RP HP r IZ ma?™™. . demonstra,e ° by the failure to detect the 
ified product "zhou el af 19mSSS^2! MALDI/TOF-MS in the proteose fragments of the HAS-mod- 
spectrometrVandn*^ »«f chromatography, e.ectrospray-mass 

of recombinant human erythropoietin. ElectrTphoTe^rS 

after proteolytic digestion of the Cys-modified r^vnpn.'iH m I" } ' 6 ,S ° la, ' 0n ° f ,he HAS -containing fraction 
peptide by clentiona, *° * "* frac «° n °< "» corresponding 

So,^^^ 

Furthermore, a., embodiment TdisCosec rjS^SS^SKSr" ™ S - p0,ypep,ide co ^ ata - 
^--ralorto^^^ 

S^lmTn^n^ 

SSnvSlTnTpr^ ZlV^TTT^ ""»"«*■ *» HAS-pofypeptide 

[0239] The invention is fu^er 1st rated bv SZSZ r disorders or diseases related hereto, 

to restrict the scope ol Ile^SE^ ' f °"° W,ng »*» a " d exam > ,es - *** « - - way intended 



Short description of the Figures 
Figure 1 



[0240] Figure 1 shows an SDS page analysis of two HES-EPO conjugates 
mw: marker 

Lane 2- H^'fpo ^h"^ aCC ° rdin9 eXample pro,oco1 8: EPO is conjugated to hydrazido-HES 12KD L 



Figure 2 
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Lane 2- hKJpo ^T* !° eXamP ' e P^0,0C0, 8 after di 9 esUon wHh N-glycosidase 

Lane 4: BRP EPO standard after digestion with N-glycosidase 



mw 



marker (Bio-Rad SDS-PAGE Standards Low range Catalog No 161-0305. Bio-Rad Laboratories. Hercules. 



CA. USA) 

Examples 
Example 1 

Production of recombinant EPO 

A) Production in mammalian cells 

[0242] Recombinant EPO was produced in CHO cells as follows 



(Grabenhorst.Nimtz Cosia ,et al 1 £ IT.^Z r T Perf ° rmed USi " 9 Standard »»«»*"«* as described 
synthesis of Lewisfx Sit Uw2 IZJS!? ° "T 3 ' Pha ^^^^ansferases ll.-VI. in the bio- 

I * L ^ 3bly ex P fessin 9 huma " EPO or amino acid variants (e g Cys-29^Ser/Al a or « q «, 

«*=« m dmem JKSsa ;i',r "* °" ,s mt s * cu, " vaiM ,s ^ 

Literature: 

Schlenke. Grabenhorst. Nimfc Con ^iS^^SfJ'^^^^^^'^ 82 ^ 6 : 
witb human-type sialyla'tion eharatfe^ ° f S ^ *— *»™ «* 

B) Production in insect cells 



Literature: 
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cation of a recombinant human erythropoietin produced using a baculovirus vector, Blood, 74(2), 652-7 
Example 2 

Formation of reactive HES derivatives 
1. SH-reactive HES 

1.1 Reaction of EMCH with Oxo-HES12KD to form SH-reactive HES12KD B 
[0252] 



HES^ 




£253] 0 144 g (0 012 mmol) of Oxo-HES12KD (Fresenius German Patent DE 196 28 705 A1) were dissolved in 0 3 

SrS £ 1 T " S n X ' de (DMS0) WGre add6d dr ° PWlSe Under nitr °9 en t0 a of 34 mg (0.15 mmol) 

EMCH (Perb.o Science. Deutschland GmbH, Bonn, Germany) in 1.5 mL DMSO. After stirring for 19 h at 60°C the 
react™ m.xture was added to 16 mL of a 1:1 mixture of ethanol and acetone. The precipitate was collected by cen- 
*.fugat,on. red.ssolved ,n 3 mL DMSO and again precipitated as described. The SH-reactiv-HES1 2KD B was obtained 
by centrifugation and drying in vaccuo. The conjugation reaction with Thic-EPO is described in Example 3 2 2 



Alternatives: 

[0254] In this reaction, all cross-linkers can be used, which exhibit a hydrazide- and a maleimide function, separated 
by a spacer. Further examples for molecules of that group, available from Perbio Science, Deutschland GmbH Bonn 

SlZf„?, / n Tf 2: m f "" d ^ an " A "' Furthermore - anolner 9™P of cross-linkers exhibiting an ac ivated 
disulfide function instead of a maleimide funcion could also be used. 

1.2 Halogenacetamide-derivatives of HES glycosylamines 

a) Glycosylamine-formation 1 

[0255] A 1 1 mg sample of HES12KD was dissolved in 3 mL of saturated ammonium bicarbonate. Additional solid 
ammonium bicarbonate was then added to maintain saturation of the solution during incubation for 120 h at 30°C The 
Amino-HES 12KD C was desalted by direct lyophilization of the reaction mixture. 

b) Acylation of the glycosylamine C with chloroacetic acid anhydride 

S?.? A 1 "i 9 f mple of Amino-HES 12KD C was dissolved in 1 mL of 1 M sodium bicarbonate and cooled on ice 
To this was added a crystal of solid chloroacetic acid anhydride (-5 mg), and the reaction mixture was allowed to warm 
to room temperature. The pH was monitored and additional base was added if the pH dropped below 7 0 After two 

cetamid/H^ ST" rn * "T^T* °' **** W3S added ' After six hours *° ^ Chloroa- 

cetamide-HES D1 (X - CI) was desalted by passage over a mixed bed Amberiite MB-3(H)(OH) ion exchange resins. 

'Manger. Wong. Rademacher. Dwek. 1992. Btochemistry. 31. 10733-10740; Mange, Rademacher. Dwek. 1992. Biochemistry. 31. 10724-10732 
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c) Acylation of the glycosylamine with bromoacetic anhydride* 



was trough, Sl ow, y »o rol <emp^ The ~f 

and drying in vaccuo. The conjugation reaction with m^Te^Zts^T * 

[0258] 




Alternatives: 



[0259] For acylation of amino groups, other activated forms of haiogen acidic acids can be used, e.g. 
-bromides or -chlorides 

1.3 Halogenacetamide-derivatives of Amino-HES E* 

a) Reaction of 1.4-diaminobutane with Oxo-HES 12KD to amino-HES 12KD E« 



S/ac*, K/ss. 71///, Mf/wrs, 1993,Carbohydr. Res., 250 195 
^Thomas, 1977, Methodes Enzymot., 46, 362 
S. Frie. Diplomarbeit, Fachhochschule Hamburg, 1998 
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HES. 



OH 




HES. 




b) Chloroacetamide-HES12KD F1 was prepared as described for ChIoroacet-amide-HES12KD D1 in 1.3 above. 

c) Bromoacetamide-HES 1 2KD F2 (X = Br) was prepared as described for Bromoacetamide-HES12KD D2 in 1 3 above 
The conjugation reaction with Thio-EPO is described in Example 3, 1.2. 

d) The corresponding lodo-derivative F3 (X = I) was not isolated before its reaction with Thio-EPO. The experiment is 
described in Example 3, 1.1. 

Alternatives : 

[0262] See 1.2 above 

2. CHO-Reactive HES 

2.1 Hydrazide-HES 

a) Reaction of hydrazine with Oxo-HES 12KD 
[0263] 



HES 




HES> 



H / OH 

"°H^?° H 
HO >\,Hj^ NH 



1 1 } , 4 9 (012 mm0l) of ° X °- HES12KD were dissolved in 3 mL absolute dimethyl sulfoxide (DMSO) and were 
added dropwise under nitrogen to a mixture of 0.47 mL (15 mmol) hydrazine in 15 mL DMSO. After stirring for 19 h at 
40 C the reaction mixture was added to 160 mL of a 1:1 mixture of ethanol and acetone. The precipitated product J 
was collected by centrifugation. redissolved in 40 mL of water and dialysed for 2 days against a 0.5 % (v/v) triethylamine 
■n water solut.on and for 2 days against water (SnakeSkin dialysis tubing. 3.5 KD cut off. Perbio Science Deutschland 
GmbH. Bonn, Germany) and lyophilized. The conjugation reaction with oxidised Glyco-EPO is described in Example 

4, £..£.. 
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b) Reaction of adipic dihydrazide with Oxo-HES 12KO 
[0265] 



HES 




[0266] 1 .74 g (15 mmol) adepic dihydrazide were dissolved in 20 mL absolute dimethyl sulfoxide (DMSO) at 65°C 
and 1,44 g (0.12 mmol) of Oxo-HES12KD. dissolved in 3 mL absolute DMSO were added dropwise under nitrogen 
Aftershrring for 68hat60°C the reaction mixture was added to 200 mL of water The solution containing L was dialysed 
for 2 days aga.nst a 0.5 % (v/v) triethylamine in water solution and for 2 days against water (SnakeSkin dialysis tubing 
3.5 KD cut off. Perbio Science Deutschland GmbH. Bonn. Germany) and lyophilized. The conjugation reaction with 
oxidised Glyco-EPO is described in Example 4. 2.2. ««>«.w»i wun 

Alternatives : 

[0267] Furthermore, derivatives can be used, wherein 2 hydrazid groups are separated by any spacer. 
3. Further Amino-HES1 2KD derivatives I and H 1 

SffLi A ™°'f * 0f D or F was Performed separately by dissolving a 1 mg sample of each halogeneacetamide 
L, , i ,T d « ,mmon,um ca*°"ate. Additional solid ammonium carbonate was then added to maintain sat- 
"^°7 f ' hesoutond "" n 9^ubation of 120 h at 30°C. The reaction mixture was added to 1 mLofa 1:1 mixture of 
ethano. and acetone with -20 °C. The precipitate was col.ected by centrifugation. redisso.ved in 0.05 mL water and 
again precprtated as described. The product aminoHES H or . was obtained by centrifugation and drying in vaccuo 
The conjugation reaction with oxidised Glyco-EPO is described in Example 4. 4.1. 



H ^-OH 



HES^ 




NH 
O 



HES^ 
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4. Hydroxy lamine-modrfled HES12KD K 
[0269] 



w 




J5 



20 



25 



Alternatives : 

[0271 J Furthermore, derivatives could be used, wherein the two hydroxylamine 
30 5.Thio-HES12KD 

5.1 Addition to Oxo-HES12KD 
[0272] 

35 



groups are separated by any spacer. 



40 



45 



50 



HES 




55 



M 

S to a Itirel'f 7X1 nsZToT ™ & TT ^ 3 ^ abS0 ' Ute "*™*> < DMS0 > - were 

40*C the mL w DMS ? nitr ° 9en dr ° PWiSe - After M * fo ' 24 h 



5 Boturyn, BoudaK, Constant, Defrancq, Lhomme, 1997, Tetrahedron, 53, 5485 
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Alternatives : 

[0274] Derivatives could be used, wherein the amino group and the thio-function are separated by any spacer. Fur- 
thermore, the amino group in the derivatives could be replaced by a hydrazine, a hydrazid or a hydroxylamine. The 
thio-function could be protected in the form of e.g. a disulfide or a trityl-derivative. However, in this case, a further 
deprotection step must be preformed before the conjugation, which would release a component being analogous to M. 

5.2 Modification of Amino-HES12KD E, H or I 

a) Modification with SATA/SATP 

[0275] 1,44 g (0.12 mmol) of Amino-HES12KD E, H or I were dissolved in 3 mL absolute dimethyl sulfoxide (DMSO) 
and were added to a mixture of 139 mg (0.6 mmol) SATA in 5 mL DMSO under nitrogen dropwise. After stirring for 24 
h at room temperature the reaction mixture was added to 160 mL of a 1:1 mixture of ethanol and acetone. The precip- 
itated product N was collected by centrifugation, redissolved in 40 mL of water and dialysed for 2 days against water 
(SnakeSkin dialysis tubing, 3.5 KD cut off, Perbio Science Deutschland GmbH, Bonn, Germany) and lyophilized. 
[0276] The deprotection was performed in a 50 mM sodium phosphate buffer, containing 25 mM EDTA and 0.5M 
hydroxylamine, pH7.5 for 2 hours at room temperature and the product O was purified by dialysis against a 0.1 M 
sodium acetate buffer pH 5.5, containing 1 mM EDTA. The deprotection reaction was performed immediately before 
the conjugation reaction which is described in Example 4, 2.1. 




b) Modification with SPDP 

[0277] 1,44 g (0.12 mmol) of Amino-HES12KD E, H or I were dissolved in 3 mL absolute dimethyl sulfoxide (DMSO) 
and were dropwise added to a mixture of 187 mg (0.6 mmol) SPDP in 5 mL DMSO under nitrogen. After stirring for 24 
h at room temperature the reaction mixture was added to 160 mL of a 1:1 mixture of ethanol and acetone. The precip- 
itated product P was collected by centrifugation, redissolved in 40 mL of water and dialysed for 2 days against water 
(SnakeSkin dialysis tubing, 3.5 KD cut off, Perbio Science Deutschland GmbH, Bonn, Germany) and lyophilized. 
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[0278] The deproleclion was performed in a solution of 12 mg dithiothreitol (DTT) per 0.5 mL 100 mM sodiumacetate 
buffer, containing 100 mM sodium chloride at pH 4.5 for 30 min at room temperature and the product Q was purified 
by dialysis against a 0.1 M sodium acetate buffer pH 5.5. containing 1 mM EDTA. The deprotection reaction was 
performed immediately before the conjugation reaction which is described in Example 4, 2.1. 

Alternatives : 

[0279] For the conversion of amino- to thiol-groups, either in free form or protected, several reagants are available. 
After the modification, the products could be isolated. Alternatively, as accepted for the use of cross-linkers, they could 
be directly used for the conjugation reaction, preferably after a purification step. For the isolation and storage of thio-HES 
derivatives, the synthesis of thio-HES derivatives in a protected form may be useful. For this, all derivatives being 
analogous to SATA could be used, which have an active ester-function and a thioester-f unction, separated by any 
spacer. SATP, being a further member of this group, is found in table 2, marked with an "H". The derivatives being 
analogous to SPDP could have an acitve ester-function and a disulfide-function, separated by any spacer. Further 
members of these groups are found in table 2, marked with an "F\ Further analogous derivatives could have an active 
ester-function and a thiol-function, protected as a trityl derivative, separated by any spacer. 

Example 3 

Conjugation reactions with Thio-EPO 

1. Reaction of Thio-EPO with a halogenacetamide-modified SH-reactive HES 
1.1 Example Protocol 1 

[0280] Conjugation of ThioEPO to Amino-HES12KD (E, H or I) with a Cross-linker containing a NHS-active-ester 
and an iodoacetamide group, e.g. SIA. 6 

Materials 

[0281] 

A. Borate buffer. Composition was 50 mM sodium borate, pH 8.3, 5 mM EDTA. 

B. PBS, phosphate buffered saline: 10 mM sodium phosphate, 150 mM NaCI, pH 7.4. 

C. AminoHES12KD E, H or I. Prepared at 1 mg/mL in borate buffer. 

D. Crosslinker stock solution: 14 mg SIA were dissolved in 1 mL DMSO 

E. D-Salt™ Dextran Desalting Columns, 2 x 5 mL bed volume (Perbio Science Deutschland GmbH, Bonn, Ger- 
many) 

F. Coomassie® Protein Assay Reagent (Perbio Science Deutschland GmbH, Bonn, Germany) 

G. ThioEPO solution: 5 mg/mL of ThioEPO 1 in borate buffer. 

H. Microconcentrator: Microcon YM-3 (amicon, Milipore GmbH, Eschborn, Germany) 

Method 

[0282] 100 ul SIA solution was added to 400 uL of the aminoHES 12KD E solution and was allowed to react with 
agitation for 0.5 hours at room temperature. The excess crosslinker was removed by centrifuging the sample at 14000 
x g for 60 minutes using a microconcentrator. After centrifuging the sample was brought up to its original volume in 
borate buffer and this process was repeated two more times. The residual solution was added to 1 mL of ThioEPO 
solution and the reaction mixture was incubated for 16 hour at room temperature. Reactivity of the excess iodoaceta- 
mide was quenched at the end of the incubation period by the addition of cysteine to a final concentration of 10 mM. 
The reaction mixture was applied to a desalting column equilibrated with PBS buffer and the protein content of the 
fractions were monitored with a Coomassie protein assay reagent. All fractions containing the protein conjugate were 
pooled and the the conjugate was obtained by lyophylisation after dialysis against water over night. 

Alternatives : 

[0283] In this reaction, all cross-linkers could be used, which have a succinimide- or a suifosuccintmide function and 

6 Cumber, Forrester, Foxwell, Ross, Thorpe, 1985, Methods Enzymoi, 112, 207 
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a iodoacetamide function separated by a spacer. Further examples are found in table 2. They are marked with a "C" 
and are avialable from Perbio Science Deutschland GmbH, Bonn, Germany. 

1.2 Example Protocol 2 

[0284] Conjugation of ThioEPO 1 to SH reactiveHESI 2KD bromoacetamide D2, F2 or iodoacetamide DZJ 

Materials 

[0285] 

A. Phosphate buffer. Composition was 100 mM sodium phosphate, pH 6.1, 5 mM EDTA. 

B. PBS, phosphate buffered saline: 10 mM sodium phosphate, 150 mM NaCI, pH 7.4. 

C. SH reactiveHESI 2KD bromoacetamide D2. Prepared at 10 mg/mL in phosphate buffer. 

D. D-Salt™ Dextran Desalting Columns. 2 x 5 mL bed volume (Perbio Science Deutschland GmbH Bonn Ger- 
many) 

E. Coomassie® Protein Assay Reagent (Perbio Science Deutschland GmbH, Bonn, Germany) 

F. ThioEPO solution: 5 mg/mL of ThioEPO 1 in phosphate buffer. 

Method 

[0286] 1 mL SH reactiveHES 12KD bromoacetamide D2 solution and 1 mL of Thio-EPO solution were combined 
and the reaction mixture was incubated for 48 hours at room temperature. Reactivity of the excess bromoacetamide 
was quenched at the end of the incubation period by the addition of cysteine to a final concentration of 10 mM The 
reaction mixture was applied to a desalting column, equilibrated with PBS buffer. The protein content of the fractions 
were monitored with a Coomassie protein assay reagent, all fractions containing the protein conjugate were pooled 
and the the conjugate was obtained by lyophylisation after dialysis against water over night. 

Alternatives : 

[0287] Instead of the isolation of the SH reactive HES12KD-bromoacetamid D2, amino HES12KD (E, H, I) could be 
linked with a cross-linker via a succinimide- and a bromoacetamid function (see 1 .1 above). SBAP is a member of this 
group of cross-linkers and is found in table 2, marked with a "D". 

2. Reaction of Thio-EPO with a maleimide-modified SH-reactive HES 
2.1 Example Protocol 3 

[0288] Conjugation of ThioEPO to HES12KD with a cross-linker containing a hydrazide and a maleimide funktional 
group, e.g. M 2 C 2 H. 

Materials 

[0289] 

A. M 2 C 2 H stock: 10 mg/mLM2C2H in DMSO, prepared fresh 

B. HES 12KD: 10 mg/mL in 0.1 M sodium acetate buffer, pH 5.5 

C. ThioEPO solution: 5 mg/mL of ThioEPO in phosphate/NaCI-buffer 

D. Phosphate/NaCI: 0.1 M sodium phosphate, 50 mM NaCI, pH 7.0 

E. Microconcentrator: Microcon YM-3 (amicon, Milipore GmbH, Eschborn, Germany) 

F. Gel filtration column: for example, Sephadex® G-200 (1.5 x 45 cm) 

G. Coomassie® Protein Assay Reagent (Perbio Science Deutschland GmbH, Bonn, Germany) 

H. PBS, phosphate buffered saline: 10 mM sodium phosphate, 150 mM NaCI, pH 7.4. 

Method 

[0290] M 2 C 2 H solution was added to 400 uL of the HES 12KD solution to a final concentration of 1 mM and was 

de Valasco. Merkus. Anderton, Verheul, Lizzio. Van der Zee. van Eden, Hoffmann, Verhoef. Snippe. 1995. Infect. Immun., 63, 961 
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Procedural Notes 

2.2 Example Protocol 4 

[0292J Conjugation of ThioEPO to Maleimido-HES12KD B. 

Materials 

[0293] 

A. Maleimldo-HES 12KD B: 10 mg/mL in 0.1 M sodium acetate buffer, pH 5.5 

B. Th.oEPO solution: 5 mg/mL of ThioEPO in phosphate/NaCI-buffer 

C. Phosphate/NaCI: 0.1 M sodium phosphate, 50 mM NaCI, pH 7 0 

D. Gel filtration column: for example, Sephadex® G-200 (1 5 x 45 cm) 

fp^o^ZTll AS H Say , Rea 9 ent < Perbio Science Deutsch.and GmbH, Bonn, Germany) 
R PBS, phosphate buffered saline: 10 mM sodium phosphate, 150 mM NaCI, pH 7.4. 

Method 

2.3 Example Protocol 12 

SLfCCe" g° f SMCC° ,0 ami "° HES12KD < E ' H- ') wiU, a Cross-.in.er containing a NHS-active-ester and 

Materials 

[0296] 

B p£°1TT?°Z « iCT0C ° n YM * 1 ° (amiCOn ' Milipore GmbH - Eschb ™- Germany). 
r w ' m ^ 6red Sa ' ine: 10 mM SOdium P^phate, 150 mM NaCI, pH 7 4 
C. AminoHES12KD E, H or I. Prepared at 10 mg/mL in PBS buffer 

SMCC solution: 1 mg SMCC were dissolved in 50 uL DMSO 
E^D-Sal.™ Dextran Desalting Co.umns. 2 x 5 mL bed volume (Perbio Science Deutschland GmbH. Bonn. Ger- 

G ^oEPnf^T in ^ SS3 r Rea9ent (Perbi ° Science De "tschland GmbH. Bonn. Germany) 
G. ThioEPO 1 solution: 5 mg/mL of ThioEPO 1 in PBS buffer. 
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Method 



Alternatives: 



Sconce Deutschland GmbH, Bonn. Germany, are found in table, 2 marked wW i an "E- T^'r i 1 J 1 ^ 
Example 4 

Conjugation reactions with oxidized EPO 
1. Oxidation of Glyco-EPO 

1.1 Oxidation of Glyco-EPO with sodium meta-periodate: Example Protocol 5 

Materials 

[0299] 

A. Glyco-EPO solution: 10 mg/mL of Glyco-EPO in acetate buffer 

J £?T met 4 a ; peri0date so,ution: 10 mM or *M sodium periodate in acetate buffer prepared fresh Keen 

SKiSs^ so,utions ' the final concentration of peMe * ■» S o k mo p 

C. acetate buffer: 0.1 M sodium acetate buffer, pH 5 5 

D. Glycerol 

E. Microconcentrator: Microcon YM-3 (amicon, Milipore GmbH, Eschbom, Germany) 
Method 

[0300] All steps were performed in the dark 

r.sidu.s. M „ m oxidate condL* we™ 1 mM iTo«S^ « S ™" '^"l 
1.2 Enzymatic oxidation of Glyco-EPO: Example Protocol 6 

Kl5922) enZyma,iC ° Xida,i0n ° f EP ° ' S elS6Where < C " amOW et ««. J- Biol. Chem.. 267. 
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2. Conjugation with Hydrazine/Hydrazide-Derivatives 
2.1 Example Protocol 7 



T^ m ^ST n f °f ISed G,yC °- EPO 10 Thi ^HES12KD M, O or Q with a Cross-linker containing a hydrazide 
and a male.m.de functional group, e.g.M 2 C 2 H (Perbio Science, Deutschland GmbH, Bonn, Germany). 

Materials 



[0304] 

A. M 2 C 2 H stock: 10 mg/mL M 2 C 2 H in DMSO, prepared fresh 

B. Oxidised Glyco-EPO solution from 6.1.1: 5 mg/mL of Glyco-EPO in acetate buffer 

C. Thio-HES12KD M, O or Q: 10 mg/mL in phosphate/NaCI buffer 

D. Acetate buffer: 0.1 M sodium acetate buffer, pH 5.5 

E. Phosphate/NaCI: 0.1 M sodium phosphate, 50 mM NaCI, pH 7.0 

F. Microconcentrator: Microcon YM-3 (amicon, Milipore GmbH, Eschborn, Germany) 

G. Gel filtration column: for example, Sephadex® G-200 (1 .5 x 45 cm) 

H. Coomassie® Protein Assay Reagent (Perbio Science Deutschiand GmbH, Bonn, Germany) 

I. PBS, phosphate buffered saline:10 mM sodium phosphate, 150 mM NaCI, pH 7.4 

Method 

[0305] M 2 C 2 H stock solution was added to 1 mL of oxidized Glyco-EPO to a final concentration of 1 mM and was 
allowed to react with ag.tat.on for 2 hours at room temperature. The excess crosslinker was removed by centrifuging 
the sample at 14000 x g for 60 minutes using a microconcentrator. After centrifuging the sample was brought up to its 

STiS^^ bUffer thiS Pr ° CeSS WaS repeat6d ^ mor * times - T ° »• M 2 C 2 Vmodi fi ed 

Glyco-EPO 1 mL of Thio-HES12KD M, O or Q solution was added and the reaction mixture was incubated for 16 hours 
at room temperature^Reactivity of the excess maleimides was quenched at the end of the incubation period by the 
add-on of cystine. The reaction mixture was applied to Sephadex® G-200 (1.5 x 45 cm) equilibrated with PBS and 
1 mL fractions were collected. The protein content of the fractions were monitored with a Coomassie protein assay 
reagent all fractions containing the protein conjugate were pooled and the conjugate was obtained by lyophylisation 
after dialysis against water over night. y 

Procedural Notes 

inow oH T we l^^h a h d H Ct IS SH9 K ht l y ' eSS St3b,e 31 eXtrem6S ° f PK F ° r ^^ons that may involve treatment 
at low pH, we reduced the hydrazone by treatment with 30 mM sodium cyanoborohydride in PBS buffer to a hydrazine 
For most applications, this extra step was unnecessary. 

2.2 Example Protocol 8 

[0307] Direct conjugation of oxidised Glyco-EPO to Hydrazido-HES 1 2KD L or J. 

Materials 

[0308] 

A. Oxidised Glyco-EPO solution from 6.1.1: 5 mg/mL of Glyco-EPO in acetate buffer 

B. Hydrazido-HES 12KD L or J: 10 mg/mL in acetate buffer 

C. Acetate buffer: 0.1 M sodium acetate buffer, pH 5.5 

D. Gel filtration column: for example, Sephadex® G-200 (1.5 x 45 cm) 

E. Coomassie® Protein Assay Reagent (Perbio Science Deutschland GmbH, Bonn, Germany) 

F. PBS, phosphate buffered saline:10 mM sodium phosphate, 150 mM NaCI, pH 7.4 

Method 

[0309] 1 mL of Hydrazido-HES 12KD L or J solution and 1 mL of oxidsed Glyco-EPO solution were combined and 
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! f ml , d 5 x 45 cm) equilibrated with PBS and 1 mL fractions were collected. The protein content 

112 SUIT 7 T a Coomassie pro,ein assay rea9en «- a " fractions ^ 

. k C ° nJU9a,e W3S ° D,ained by "WhyBMMon after dialysis against water over nigh. ito resun 
ofthe conjugat.cn '"hown.n Figure 1. The observed molecular shittdemons^ates that me conjugat^^^ 

r;o7a zssxsr of HES - Fi9ure 2 de — - hes is ~ <° a ~- 

Procedural Notes 

[0310] The hydrazone adduct is slightly less stable at extremes of pH. For applications that may involve treatment 

Fo 5 hydra2 ° ne bV tfea,ment WHh 30 mM SOdium cyanobomhydride in PBS 

For most applications, this extra step was unnecessary. nyurazine. 

3. Conjugation with Hydroxylamine-Derivatives* 
3.1 Example Protocol 9 

[0311] Conjugation of oxidized Glyco-EPO to Hydroxylamino-HES12KD K 

Materials 

[0312] 

A. Oxidised Glyco-EPO solution from 6.1.1: 5 mg/mL of Glyco-EPO in acetate buffer 

B. Hydroxylamino-HES12KD K: 10 mg/mL in acetate buffer 

C. Acetate buffer: 0.1 M sodium acetate buffer. pH 5.5 

D. Gel filtration column: for example. Sephadex® G-200 (1 5 x 45 cm) 

F'p C B Tnh S n Si 1? 7T« AS f 3y Re39ent (Perb, ° SCi6nCe Deutecn| and GmbH. Bonn. Germany) 
PBS ' P"° s Phate buffered saline: 10 mM sodium phosphate. 1 50 mM NaCI. pH 7.4 

Method 

E ™ r mL °! H y drox y amino - HES1 2KD K solution and 1 mL of oxidized Glyco-EPO solution were combined and 

nf ,hl J! . ( 5 Cm) e « ul " brated with PBS and 1 mL fractions were collected. The protein content 

~o2d and m^ f Wtth 'J C °° maSSie Pr ° ,ein ^ rea9ent - a " fractionS »" P^SS 

were pooled and the conjugate was obtained by lyophylisation after dialysis against water over night The result of the 

conjugal, is shown in Figure 1. The observed molecular shift in lane 2 demonstrates that the c^n ugatioTwas luc 

hXiir™ 

Example 5 

Characteris ation of galactose oxidase treated EPO N-glycans 

bSeLh^Tacto^n E h P ° ° f P K rtia " y desialyla,ed EPO forms O^ted by limited mild acid hydroysis) were incu- 
bated wrth galactose oxidase in the presence of catalase at 37°C from 30 min - 4 hours at 37°C in 0 05 M Na-phosphate 

[0315] Liberated N-linked oligosaccharides (monitored by SDS-PAGE detection of the de-N-glycosylated polvpep 

STHSn^^ capping as described ( Grabenhors, e« a,.. 1990. Nimtz 2 

lenke et al.. 1999) before and after removal of sialic acids. Quantitation of oxidised galactose residues in individual 

smcestsk ,h - **■ M M - hpaec -™ L - - 

8 Rose, 1994. dm. C/>em. Soc, 116, 30 
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Example 6 

Characterisation of HAS modified EPO 

[0316] Separation of HAS modified EPO forms from nonreacted EPO and HAS-precursor molecules was achieved 
bygelfiltratrcnus^ 

by immuno affimty .solation of EPO on a 4 mL column containing a monoclonal antibody coupled to Affigel (BioRad) 
and subsequent separation of unmodified EPO by gel filtration (e.g. using a matrix enabling the separation of globula 
proteins of a relative molecular mass between 20 kDa and 200 kDa ) 

d° e tlln H 0 ?LTH d |I i h ed EP ? S T 6 id ? ified by SDS ' PAGE a " a| V sis <«s«"9 12.5 or 10% acrylamide gels) through 

nut The I 1Z 2T 7 m V ?^ri C ° mPared ,0 Unm ° dmed EP ° UP ° n S,aini "9 of 9 els wilh C °° ma ^ Brillant 
Blue. The h.gher molecular we.ght of HAS modified EPO polypeptides was also identified by Western Blot analysis of 

samples using a polyclonal antibody raised against recombinant human EPO 

[0318] N-9'ycan modification of EPO forms was demonstrated by their successful removal from the EPO protein wilh 
po ypept.de N-g.ycanase (recombinant N-glycosidase from Roche. Germany employing 25 units / mg EPO protein at 

J2Z i 7 S) ; T ^ bV SDS " PAGE reSU " ed in 3 ,ypiCa ' sm of ,he EP0 P rotei " to a Ration positfon of the 
N-glycosidase treated unmodified EPO of approximately 20 KDa. 

E K M ^!! 0 o C 0f 016 Si " 9le desia, y |ated ™<* glacatose oxidase treated EPO O-glycan at Ser 126 was demon- 
non 2^ > ? T de - N -9'y^V'ated product by detection of its migration position compared to 

SDS PAGE !22f3!!S , r ! q r Uired ' EP ° W3S fraCti0na,ed b * RP " HPLC » a C8 -P h « a brtbm 

t t?ttn o?,h h o i , ." 9 i y t Can mod,fica,ion of EP0 was a '«o analysed by B-elimination of the O-glycan and de- 
human EPO de -°^ ,yC ° Sy,ated f0m 0f EPO in Wester " b >°* a Polyclonal antibody raised against recombinant 

Example 7 

Quantitation of EPO and modified EPO forms 

cScentral^3r78?7Ts^ a ri n,itated b ^ V . K measureme " ts a * described in Ph.Eur (2000. Erythropoietin! solutio 
concentrata. 1316 780-785) and compared to the .nternational BRP reference EPO standard. Alternatively. EPO con- 
centrations were determ.ned by a RP-HPLC assay using a RP-C4-column and absorption at 254 nm employing 20 
40 . 80 and 120 „g of the BRP standard EPO reference preparation for calibration. employing 20, 

Example 8 

In-vitro biological actvitv o f HES-modified recombinant human EPO: 

Si rK P r^ EF ?, W ? t6Sted f ° r 3CtiVity USin9 the ^^hroporetin bioactivity assay as described by 

Krystal [Krystal, 1984, Exp. Heamatol., 11 , 649-660] 

Sed aZtr/ '""^l™* * trea,men « wi,h Phenylhydrazine hydrochloride and spleen cells were 

collected and used as descnbed ,n [F,b. et al., 1991. Blood, 77. 1203 ff.J. Dilutions of EPO were incubated with 3x10* 
ce.lsAvel. ,n 96-weN m.crotiter p.ates. After 24 hours at 37° C in a humified atmosphere (5% C0 2 ) cells were label ed 

The International reference EPO standard (BRP-standard) was used for comparison 

0323] Alternately. EPO bioactivity was measured by an in vitro assay using the EPO-sensitive cell line TF-1 (Ki- 
nThl 6 ' * i,' PhyS -, 14 °- 323 ' 334] - Ex " 0 " ential 'y mowing cells were washed free of growmfe^s and we« 

us.ng the MTT reduction assay as described by Mosmann [Mosman. 1983. J.Immunol. Methods. 65. 55-63]. 

Example 9 

In-vivo activi ty determination of EPO and HAS-modifled EPO forms: 

Si J^JZS de,erm ; nations were P erfomied in normocythemic mice by measuring the increase of reticu- 
uSZaZ BRP FPn TTTt K Ce ' Ved f ° reSeen d ° Se ° f EP ° ° r m0dified EPO f °™ s - Assa V* *ore performed 
EPC s » ,! w I n ? h W k ^ Ca ' ibrated a9ainSt ,he WH ° EP ° S,andard in the Polycythemic mouse assay. 

[0325] 0.5 ml of the EPO test solufion m Dulbecco's buffered saline (corresponding to an EPO protein equivalent of 
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ITJLZ 0 ' 2 T /m ' 0f BRP Standafd EP0) Were Wecled s"bcutaneously per animal. Blood samples were 
ST™ h k „ VS 3fter ' njeC,i0n and reticu,oc y ,es ™* stained with acridine orange; quantitation of reticuEes was 

ST^SKS by T ,ing a ,0,al of 30 - 000 blood ce,,s wmn 5 houre a «- * e bi °° d 

KU^ZemCr ' 1316 ' Pa96S 78 °- 785) and ^rmacopoeia 

Example 10 

In-vivo half-life Determinations 

S. Rabbits were injected intravenously with specified amounts of unmodified or HAS-modified EPO forms Blood 

ioa^ranETo^ "* ™ m W ~ d - ^ ery,hr ° P0ieti " levels were define b 
//? wwu Dioassay or by an EPO-specific commercial ELISA. 

15 Example 11 

In vivo pharmakokinetics 
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20 22, ^rT^ „ , ammal r6CeiVed 300 ' U EPO/k9 subc ^aneously. Seven days after the post-treatment hematocrit 
EPO^ZiTh de,ei ™' ne d- A substantial increase in hematocrit was observed 9in all animals treated w th mTd^fied 

Z m omSToul^ n jr ° ^ re l a,iVe,y Sh ° rt ha,f - ,ife ° f Un,reated EPa The *«b. in heltocm of 
group EPO-treated group was significantly different from that of the untreated EPO group and that of the control 

» So 8 , on a n b „ b l S: K Ra H bbi,S W !. re A « ea,ed W " h 3 Sin9 ' e d0Se 0f unm °°ified or HAS-modified EPO corresponding to 200 
30 Literature: 

L° n 3 Do ma ^?rHtt LU c n ": RiSin9er ' 3nd DaviS ' 1999, Erythropoietin Fusion Protein Comprised of Identical Repeat- 
ing Domains Exh.b.t.s Enhanced Biological Properites, J. Biol. Chem.. 274. 24773-24778. 

35 Example 12 

Assessment of the in vitro hlnlogical activity of HES-modified recombinant human IL-2 

40 SSL IL2 , Wa . S by 9 elfi,lra,ion « u »~gel AcA 54. Aliquots of corresponding fraction were sterile 

sS? i«J n ' V,,y WaS determined b V usi "9 the IL2 dependent murine CTLL-2 cell line [Gi Tem O anS 
Sm,th.1978. J ,mmuno...120.2027-2032 J .Ac,ivity was related to the international reference .Sitan^ 



Linker- 
type 


Functional group 1: Reaction with polypeptide, 
especially EPO 


Functional group 2: Reaction with 
HES 


A 


Hydrazide (aldehyde-reactive) 


Maleimido (SH-reactive 


B 


L Hydrazide (aldeyde-reactive) 


Pydridydithio (SH-reactive) 


C 


lodoalkyl (SH-reactive) 


N-succinimide ester (amine-reactive) 


D 


Bromoalkyl (SH-reactive) 


N-succinimide ester (amine-reactive) 


E 


Maleimido (SH-reactive) 


N-succinimide ester (amine-reactive) 


F 


Pydridyldithio (SH-reactive) 


N-succinimide ester (amine-reactive) 


G 


Vmylsulfone (SH-reactive) 


N-succinimide ester (amine-reactive) 
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Claims 

1 . A hydroxyalkylstarch (HAS)-erythropoietin (EPO)-conjugate (HAS-EPO), comprising one or more HAS molecules, 
wherein each HAS is conjugated to the EPO via 

a) a carbohydrate moiety; or 

b) a thioether. 

2. The HAS-EPO of claim 1, wherein the EPO has the amino acid sequence of human EPO. 

3. The HAS-EPO of any of claims 1 or 2, wherein the EPO comprises one or more carbohydrate side chains attached 
to the EPO via N- and/ or O-linked glycosylation. 

4. The HAS-EPO of claim 3, wherein the carbohydrate side chains have been attached to the EPO during production 
in mammalian, especially human, insect or yeast cells. 

5. The HAS-EPO of any of claims 1 to 4, wherein HAS is conjugated to the EPO via a linker molecule. 

6. The HAS-EPO of any of claims 3 to 5, wherein HAS is conjugated to the EPO via a carbohydrate moiety which is 
part of the carbohydrate side chains and which is preferably oxidized. 

7. The HAS-EPO of claim 6, wherein HAS is conjugated to a galactose or sialic acid residue of the carbohydrate side 
chains. 

8. The HAS-EPO of any of claims 1 to 7, wherein the S atom in the thioether is derived from a naturally-occurring 
cysteine or from an added cysteine. 

9. The HAS-EPO of claim 8, wherein the EPO has the amino acid sequence of human EPO and the naturally occurring 
cysteines are cysteine 29 and/ or 33. 

10. The HAS-EPO of claim 9, wherein HAS is conjugated to cysteine 29 and cysteine 33 is replaced by another amino 
acid. 

11. The HAS-EPO of claim 9, wherein HAS is conjugated to cysteine 33 and cysteine 29 is replaced by another amino 
acid. 

12. The HAS-EPO of any of claims 8 to 11, wherein the added cysteine has been added by replacing a naturally 
occuring amino acid by a cysteine. 

13. The HAS-EPO of claim 12, wherein the EPO is human EPO and the replaced amino acid residue is serine 126. 

14. The HAS-EPO of any of claims 1 to 13, comprising 1-12, preferably 1-6 or 1-3, most preferred 1-4 HAS molecules 
per EPO molecule. 

1 5. The HAS-EPO of any of claims 1 to 14, wherein the HAS is selected from the group consisting of hydroxyethylstarch, 
hydroxypropylstarch and hydroxy butylstarch. 

16. The HAS-EPO of claim 15, wherein the HAS is hydroxyethylstarch (HES). 

17. The HAS-EPO of claim 16, wherein the HES has a molecular weight of 1 to 300 kDa, preferably 5 to 100 kDa. 

18. The HAS-EPO of any of claims 1 6 or 17, wherein the HES exhibits a molar degree of substitution of 0.1 to 0.8 and 
a ratio between C 2 :C 6 -substitution in the range of 2-20, with respect to the hydroxyethylgroups. 

19. A method forthe production of a hydroxyalkylstarch (HAS)-erythropoietin (EPO)-conjugate (HAS-EPO), comprising 
the steps of: 

a) providing EPO being capable of reacting with modified HAS, 
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b) providing modified HAS being capable of reacting with the EPO of step a) and 

IThaI E T ° f T a) With me HAS ° f St6P b) ' when * y 30 HAS " EP ° ls P roduced com P"^ng one or 
more HAS molecules, wherein each HAS is conjugated to the EPO via 

i) a carbohydrate moiety; or 

ii) a thioether. 

20. The method of claim 19, wherein the EPO has the amino acid sequence of human EPO. 

21. The method of any of claims 19 or 20, wherein the EPO is recombinant^ produced. 

24 - ° c r h afns wherein me has is Mnju9a,ed to the ep ° via a ™«» — 

25 ' Lefe^,l C, f ^ Wh6 ? in ln S,6P a) EP ° iS m ° dl,ied b * oxidizin 9 al ,eas > ™ carbohydrate moiety 
SEZ fill EPO SaCCharid6 "* ^ Preferab,y 9a,aC,0Se ' 0f the one or ™ re carbohydrate side 

26. The method of claim 25, wherein the terminal saccharide unit is oxidized after partial or complete (enzymatic and/ 
or chemical) removal of the terminal sialic acid. (enzymatic ana/ 

27 ' IhlrS ° f C ' aimS 25 ° r 26 ' Wherei " " S<eP C) ,hC momed HAS is conju 9 a,ed 10 the ° xidi2ed terminal sac- 

28. The method of any of claims 19 to 27, wherein the EPO comprises at least one free SH-group. 

29. The methodof claim 28, wherein the free SH-group is part of a naturally-occurring cysteine or ofan added cysteine. 
"•cSe^ 

31 ' ^ 33 fe reP ' aCed bV an0ther ami "° aCid - " ^ C > «^ — HAS 

32 - *^;«z^ rein cys,eine 29 is rep,aced by another amino acid and in step c) - ™*™ has 
3 \ T mr a *^ 

34. The method of claim 33. wherein the EPO is human EPO and the replaced amino acid residue is serine 126. 

35. The method of any of claims 33 or 34, wherein in step c) the modified HAS is conjugated to the added cysteine. 

36 ' IroxvTam'inf V? °' * ^ Wherei " the HAS * modified such that il * free hydrazide hy- 

droxylase th.ol or sem.carbazide function if the HAS is conjugated to the oxidized carbohydrate moietieJ or a 
free ma.e,m,de. disulfide or halogen acetamide function if the HAS is to be conjugated to the SH-c 'roup 

37 ' ?p\Twe?ht°H a 0 y ° f daimS ^ 10 36> Whefein S,CP C) iS Perf0m,ed i0 3 feaCti0n medium «^*Q at ^ 10 
38. The method of any of claims 1 9 to 37, wherein the HAS is conjugated to the EPO via a linker molecule. 
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39. The method of any of claims 19 to 38, wherein the HAS is, hydroxyethylstarch, hydroxypropylstarch or hydroxv- 
butylstarch, preferably hydroxyethylstarch (HES). 

^ 40. The method of claim 39, wherein the HES has the properties as defined in any of claims 17 or 18. 

41. A HAS-EPO, obtainable by the method of any of claims 19 to 40. 

42. The HAS-EPO of claim 41, having the features as defined in any of claims 1 to 18. 

10 43. A HAS-EPO according to any of claims 1 to 1 8, 41 or 42 for use in a method for treatment of the human or animal 
body. 

44. A pharmaceutical composition comprising the HAS-EPO according to any of claims 1 to 18, 41 or 42. 

15 45. The pharmaceutical composition of claim 44, further comprising at least one pharmaceutical^ acceptable carrier. 

46. Use of a HAS-EPO according to any of claims 1 to 1 8, 41 or 42 for the preparation of a medicament for the treatment 
of anemic disorders or hematopoietic dysfunction disorders. 

20 47. A hydroxyalkylstarch (HAS)- P olypeptide-conjugate (HAS-polypeptide), comprising one or more HAS molecules 
wherein each HAS is conjugated to the polypeptide via 
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c) a carbohydrate moiety; or 

d) a thioether. 



48. The HAS-polypeptide of claim 47, wherein the polypeptide is of human origin. 

49. The HAS-polypeptide of any of claims 47 or 48. wherein the polypeptide is selected from the group comprising 
erythropoietin, interieukins, especially interleukin-2, IFN-li, IFN-alpha, CSF, interleukin 6 and therapeutic antibod- 

30 les. 

50. The HAS-polypeptide of any of claims 47 to 49, wherein the polypeptide comprises one or more carbohydrate side 
chains attached to the polypeptide via N- and/ or O-linked glycosylation. 

35 51 . The HAS-polypeptide of claim 50, wherein the carbohydrate side chains have been attached to the polypeptide 
during production in mammalian, especially human, insect or yeast cells. 

52. The HAS-polypeptide of any of claims 47 to 51. wherein the HAS is conjugated to the polypeptide via a linker 
molecule 



53. The HAS-polypeptide of any of claims 49 to 52, wherein the HAS is conjugated to the polypeptide via a carbohydrate 
moiety which is part of the carbohydrate side chains and which is preferably oxidized. 

54. The HAS-polypeptide of claim 53, wherein the HAS is conjugated to a galactose residue of the carbohydrate side 
45 chains. ' 

55. The HAS-polypeptide of any of claims 47 to 54, wherein the S atom in the thioether is derived from a naturally- 
occurring cysteine or from an added cysteine. 

so 56. The HAS-polypeptide of claim 55, wherein the added cysteine has been added by replacing a naturally occurinq 
ammo acid by a cysteine. 3 

57. The HAS-polypeptide of any of claims 47 to 56, comprising 1-12, preferably 1-6 or 1-3, most preferred 1-4 HAS 
molecules per polypeptide molecule. 



58. The HAS-polxpeptide of any of claims 47 to 57, wherein the HAS is selected from the group consisting of hydrox- 
yethylstarch, hydroxypropylstarch and hydroxybutylstarch. 
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59. The HAS-polypeptide of claim 58, wherein the HAS is hydroxyethylstarch (HES). 

60. TheHAS-polypeptideof claim 59. wherein the HES has a molecular weight of 1 to 300 kDa. preferably 5 to 100 kDa. 

61 " l^nT^T^ ° f XV C ' aimS 59 ° r 60, Wherein me HES exnibi,s a "no'" ^gree of substitution of 0 1 to 
0.8 and a rafo between C 2 :C 6 -substitution in the range of 2-20. with respect to the hydroxyeCgnoups 

62 \ A heX°sor ePr0dUC,iOnOfahydr0 ^ 

d) providing a polypeptide being capable of reacting with modified HAS 

e) prowding modified HAS being capable of reacting with the polypeptide of step a) and 

i) a carbohydrate moiety; or 

ii) a thioether. 

63. The method of claim 62, wherein the polypeptide is of human origin. 

65. The method of any of claims 62 to 64. wherein the polypeptide is recombinantly produced. 

2^S. 01 daimS 69 " '"• M *" C > "» """" » » ■» MM sac 

72. Tl» melhoa of soy of data S2 to 71, wto* »» MywlkK comprises a , , eas , „, „ ee ^ 
T »'™«°M*>72.*,™.,^ 

77. The method of any of claims 62 to 76. wherein step c) is performed in a reaction medium comprising at least 10 
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% per weight H 2 0. 

78. The method of any of claims 62 to 78, wherein the HAS is conjugated to the polypeptide via a linker molecule. 

79. The method of any of claims 62 to 78, wherein the HAS is hydroxyethylstarch, hydroxypropylstarch or hydroxybu- 
tylstarch, preferably hydroxyethylstarch (HES). 

80. The method of claim 79, wherein the HAS has the properties as defined in any of claims 60 or 61 . 

81. A HAS-polypeptide, obtainable by the method of any of claims 62 to 80. 

82. The HAS-polypeptide of claim 41, having the features as defined in any of claims 47 to 61. 

83. A HAS-polypeptide according to any of claims 47 to 61 , 81 or 82 for use in a method for treatment of the human 
or animal body. 

84. A pharmaceutical composition comprising the HAS-polypeptide according to any of claims 47 to 61. 81 or 82. 

85. The pharmaceutical composition of claim 84. further comprising at least one pharmaceutical* acceptable carrier. 
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Figure 1 




«% 1 C 
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Figure 2 
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The Search Division considers that the present European patent application does not comply with the 
requirements ol unity of invention and relates to several inventions or groups of inventions, namely. 

1. Claims: 1-46, 47-85 (partially) 

Hasylated erythropoietin 

2. Claims: claims 47-85 (all partially) 

Hasylated Inter leukln-2 and Interleukln-6 

3. Claims: 47-85 (all partially) 

Hasylated therapeutic antibodies 

4. Claims: 47-85 (all partially) 

Hasylated CSF 

5. Claims: 47-85 (all partially) 

Hasylated therapeutic antibodies 

According to Article 82 EPC In combination with Rule 30 EPC, an 
application must relate to one invention only or to a group of 
inventions so linked as to form a single general concept, i.e. there 1s 
a technical relationship among those Inventions Involving one or more of 
the same or corresponding special technical feature. In the present 
case, the common technical feature among the different identified groups 
of Inventions seems to be the fact that all polypeptides are conjugated 
to hydroxyalkyl starch. However, as shown by 0E19629705, a 
hydroxyethyl starch-haemoglobin conjugate was already known to the 
skilled person. Thus, the single general Inventive concept as defined 
above lacks novelty and Inventive activity with respect to DE19629705 
and the hydroxyalkyl starch feature cannot be considered as a unifying 
concept 1n the sense of Rule 30 EPC. In view of the structurally 
different groups of polypeptides claimed, we consider that the present 
application comprises five (5) different inventions and fall to see what 
1s the commom technical feature among them defining an Inventive 
contribution over the known prior art. Thus, a non-un1ty ojectlon under 
Article 82 EPC Is raised. 



Further comments: 

The attention of the applicant 1s drawn to the fact that all the claims 
concerning IFNs, CSF and therapeutic antibodies lack support and the 
application concerning said inventions lack disclosure. 
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